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ABSTRACT 
The morphology of the rays of the primary fans, the main 
food c o l l e c t i n g organ, of 25 species of "black-fly larvae (Diptera: 
Slmullldae) were studied using the scaiming electron microscope. 
The fozm, arrangement, spacing and dimensions of the microtrichla 
on the rays of these species was z>ecorded. The f l i c k i n g action of 
the primary fan was found to "be frequent and i r r e g u l a r . Itoe actions 
of the primary fan and mandible were also studied and t h e i r mode of 
action outlined. 
Experiments on b l a c k - f l y larvae of four species (Slmulium 
omatum Mg., S. varlegatum Mg., s . montlcola Fried, and S. reptans 
(L. ) ) were conducted i n an a r t i f i c i a l environment i n which current 
v e l o c i t y , food concentration and l i g h t l e v e l could be controlled. 
Each species was found to d i f f e r from the others i n i t s rate of food 
intake over a range of current v e l o c i t i e s . Species with similar 
patterns of microtrichia on t h e i r head fans had comparable rates of 
food Intake at the same cuzrent v e l o c i t i e s . 
Experiments were done, using a dye-tracer technique, on 
S. omatum, S. varlegatum, S. reptans, S. venustum and S. p i c t l p e s -
l o n g l s t y l c t m i n the natural stream habitat of these larvae to deter-
mine the rate of Intake of natural food. Intake rates varied widely 
frcan species to species and within a species depending on current 
v e l o c i t y and probably the amount of suspended matter i n the stream. 
Larvaa of P. ferruglneum (Wahlb.) from Eastern Norvray were 
found to predate on other aquatic arthropods including other species 
of b l a c k - f l y larvae. 
Esperlments were conducted on the space requirements of 
S. omatuM larvae i n an a r t i f i c i a l environment. Densities of up to 
llj-1 larvae per sq,« cm. were obtained. These densities were much 
higher than those found i n nature. Densities i n nature varied widely. 
Analysis was made of the movements of larvae on an attachment s i t e of 
limited area. 
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"There i s no department of human enquiry with which 
I am even s l i g h t l y acquainted which presents so many 
p i t f a l l s as the Interpretation of natural contrivances." 
" S t i l l we do not taste the f u l l delight of Natural 
History unless we attempt to walk where no one has 
walked before." 
L. C. M i a l l (1895) 
" I t i s not only the great works, - those vast planets, 
- not those gargantuan animals on the land as well as 
i n the sea which declares the majesty of the Almighty. 
No! I t i s the most minute which r e f l e c t most v i v i d l y 
the perfection of t h e i r Creator. May I go even further 
and say the l a t t e r even more than the former show t h i s 
perfection. A large church»clock i s , to be sure, a most 
marvellous invention j but a pocket-watch set in a fine 
case i s c e r t a i n l y even more marvellous and redounds to 
the greater honour and fame of i t s maker." 
J . C. Elchhom (1781) 
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INTRODUCTION 
The manbers of the family Simullldae are a widely distributed 
group of f l i e s c h i e f l y known for the b i t e s I n f l i c t e d by the fenales on 
man and animals. F a l l i s (196**) has l i s t e d the world-wide b i t i n g records 
of the Simullidae (commonly known as b l a c k - f l i e s or buffalo gnats). 
Wllhelml (1920) summarized the early research on b l a c k - f l i e s and t h e i r 
depredations. 
I n the B r i t i s h I s l e s , the larvae of the Simullidae are probably 
more often encountered than the adults. Black-fly larvae generally 
resemble the species shown i n F i g . 1 and are common inhabitants of 
flowing water which i s not highly polluted. 
B l a c k - f l y larvae have a c h a r a c t e r i s t i c dumb-bell-like shape 
and possess a single ventral proleg on the prothorax. This proleg 
together with an anal d i s c located on the posterior end of the abdomen 
are provided with numerous rows of minute hooks which aid the attachment 
of a l a r v a to stones, s t i c k s or stream vegetation i n moving water. 
Larvae are capable of spinning s i l k , either i n the foim of a thread 
(used as a safety l i n e ) , or as a small blob whlQh acts as a substrate 
into which the hooks of the anal disc can grip. The pupal cocoon i s 
also spun from s i l k . General accounts of the habits of the larvae are 
given by M i a l l (I895), Hynes (1966) and Macan and Worthington (1962). 
^ C I I I E : : O 6 'f'^ 
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F i g . 1. A mature l a r v a of Slmullum omatum Mg. Xl8 ( a f t e r Smart) 
( a . , antenna; abd., abdomen; a.g., anal g i l l s ; c . f . , 
cephalic fan; e., eyesx>ot8; max^., mandible; max., 
maxilla; pr.lg., pro-leg; p.l.bd., prothoracic l e g bud; 
meso.l.bd., mesothoracic l e g bud; meta.l.bd.p metathor-
aelc l e g bud; r . f .bd., respiratory filament bud; w.bd., 
wing bud; h.bd., haltere bud; r.h., rin g of hooks on 
"posterior sucker") 
a. 
c . f . 
mand. 
max. 
e. 
pr.lg. 
p.l.bd. 
r.f.bd. 
meso.l.bd. 
w.bd. 
meta.l.bd. 
h.bd. 
abd. 
r.h. 
a.g. 
The scope of t h i s study of the ecology of black-fly larvae 
has been ne c e s s a r i l y r e s t r i c t e d by the s i z e of the subject. The 
habitat of larvae i s affected i n d i r e c t l y by environmental factors which 
do not operate on the larvae thenselves but on another stage (eggs, 
pupae or a d u l t s ) . Such factors are: 1) the presence of suitable 
oviposition s i t e s , 2) conditions suitable for mating and 3) the 
presence of an appropriate host (for anautogenous species). Such 
factors, while they may considerably affect the distribution and 
abundance of b l a c k - f l y larvae, are more properly part of a study of 
the biology of the adult f l i e s . 
The portions of the l a r v a l ecology which have been considered 
i n t h i s study are: 1) the relationship of b l a c k - f l y larvae to the 
water currents i n which they l i v e , 2) the amounts of food obtained by 
feeding larvae, 3) the method by which larvae obtain food, euad k) the 
dens i t i e s to which b l a c k - f l y larvae can be crowded. 
Other facets of the ecology of black=fly larvae such as water 
temperature, phenology, stream bottcsa type, downstream migration and 
the number of l a r v a l i n s t a r s have been investigated by other workers 
(Davies and Smith 1958)* (Davies and Syme 1958), (Ussova 196k), 
(Johnson I966), (Ulfstrand 1967), (Terterjan 1957), (Harrod I965), 
(Johnson and Pengelly 1970) and (Rubtzov 196^ *). 
The previous research conducted i n the four above-mentioned 
areas which are the subject of t h i s t h e s i s w i l l now be considered 
separately. 
1. LITERATURE REVIEW 
a) Current and b l a c k - f l y larvae 
E a r l y workers (Eichhom, 1781* Verdat, 1822) merely stated 
that b l a c k - f l y larvae were inhabitants of running water. R i l e y (I886) 
noted differences i n the speed of current preferred by two species. 
The idea that different species had different current preferences was 
expanded by Wu (1931)» Wu conducted a nimiber of "transplantation" 
experiments i n which c a t - t a l l leaves bearing larvae and pupae were 
moved c a r e f u l l y to areas of the same stream having slower current 
v e l o c i t y . Both plankton-rich and plankton-poor streams were used. In 
the plankton-rich stream, larvae transplanted from a velocity of 
k6 cm./sec. to I8 cm./sec. found the lower velo c i t y suitable enough to 
remain for a t l e a s t 20 days. Transplantation to a velocity of 12 cm./sec. 
resulted i n larvae disappearing within k days. I n the plankton-poor 
stream, larvae transplanted from 8k cm./sec. to 38 on./sec. remained on 
the leaves but when transplanted from 8U cm./sec. to 30 cm./sec. they 
disappeared within k days. Wu attributed the difference i n minimum 
current rates to which larvae could be transplanted to a difference i n 
the amount of food material available I n the two streams. After 
edmlttlng that food and current were linked i n the ecology of the larvae, 
Wu concluded that they responded to cuirent pressure on t h e i r bodies and 
that b l a c k - f l y larvae had em Inherent requirement for current due to the 
f a c t that i n another experiment larvae endured starvation i n f i l t e r e d 
flowing lake water for 7 to 9 days. 
Fortner (1937) using an unidentified species stated that the 
optimum current required by larvae was 0.6 - 0.7 m./sec. 
Grenier (19^9) noted that, " I n mountain areas most species 
Inhabit rapid or tumultuous streams, whose current speeds reach 
1 - 2 m./sec. even i n summer. On the other hand, lowland species are 
found i n moderate or slow-running vmters (0.20 - O.60 m./sec.). I t 
must be pointed out that some lowland species when found i n h i l l y 
regions are confined to small brooks ecologically very similar, 
e s p e c i a l l y i n respect of current, to lowland streams." The above 
statement suggests strongly that current veloc i t y rather than the 
location of the stream i s important to larvae. 
Zahar (l95l) measured stream current with a water-wheel type 
of v e l o c i t y gauge and l i s t e d the cuirent v e l o c i t i e s at which he found 
each species abundant. He f e l t that current veloc i t y affected larvae 
through the quantity of food made available to them. He said, "... 
since a t any given point i n a f a s t current a larger quantity of plankton 
w i l l pass i n a given time than at a comparable point i n a slow current 
i n the same period of time." Fredeen (196^ <-) also made a s i m i l a r 
statement to Zahar*@. 
Both these authors did not explain why some species apparently 
prefer a slower current. This xfould, on the basis of the above sta t e -
ment, mean that such species would have access to a smaller amount of 
food i n a given time than i f they were i n a f a s t e r current. Species 
found i n slower water would thus seen (by these authors' statements) to 
have put thaaselves at a disadvantage by choosing a habitat low i n food 
p a r t i c l e s . 
Phillipson (1956) (1957)* i n laboratory experiments on 
preferred current v e l o c i t i e s , found S. bmatum larvae to aggregate 
at 80 to 90 cm./sec. and S. variegatum larvae to aggregate at 1.0 to 
2.0 m./sec. S. ornatum larvae occurred from 50 to 120 cm./sec. while 
S. varlegatum occurred from 50 to 250 cm./sec. He suggested that current 
v e l o c i t y was important to the distribution of different species i n a 
single streem and might cause i s o l a t i o n of species i n different parts 
of a watercourse. Harrod (I965) found S. n i t i d l f r o n s larvae to 
aggregate at v e l o c i t i e s of 50 to 60 cm./sec. 
Johnson (1966) i n studies on the North Madavaska Rive: i n 
Ontario found that the densities of S. rugglesl were highest at current 
v e l o c i t i e s of O.61 - 1.1 m./sec. while the densities of S. venustum-
verecundum larvae were highest at v e l o c i t i e s from 1.1 - 1.3^ m./sec. 
Davies, Peterson and Wood (I962) found S. plctipes and S. 
longlstylatum larvae to be r e s t r i c t e d i n habitat to the f a s t e s t parts 
of w a t e r f a l l s , where they occurred i n dense masses. 
Such observations as those of Phillipson (1956) (1957)> 
Johnson (I966) euid Davies, Peterson ajad Wood (1962) suggest that 
aggregation of a p a r t i c u l a r species of larvae to a certain current speed 
range denotes an adaptation of that species to those pa r t i c u l a r conditions. 
Zahar (1951) and Predeen (1960) (1964) have suggested that food a v a i l -
a b i l i t y may be the reason for t h i s aggregation i n a part i c u l a r current 
range. 
b) Fbod and black°fly larvae 
The food of f i l t e r - f e e d l n g slmullid larvae has been found 
to consist mainly of algae, diatoms, microscopic p a r t i c l e s of organic 
matter and t i n y crustaceans (Planchon, iBhS; Purl, 1925; Anderson and 
Dicke, 1960). Also present are quantities of microscopic inorganic 
p a r t i c l e s . 
Purl (1925) found head capsules of chlronomids i n the mid-
guts of b l a c k - f l y larvae and Serra-Tosio (1967) observed predatlon on 
chironcsnid larvae by P. Inflatum. 
Anderson and Dlcke (1960) analysed the mid-gut contents of 
a number of Wisconsin species and concluded that laarvae were only 
s e l e c t i v e i n feeding i n that they were capable of rejecting large s o i l 
p a r t i c l e s or detritus too large for larvae to ingest. The predominant 
organisms i n a water semple from a pa r t i c u l a r streem were also the 
predominant orgenians i n the i n t e s t i n a l contents of larvae frcsn that 
stream. A l l larvae studied were considered to be unselective when 
feeding on suspended s o l i d s . 
Williams et a l . (I961) measured the p a r t i c l e s i z e i n the 
int e s t i n e s of larvae from various habitats and found the longest axis 
of p a r t i c l e s to range from 15.*tu - 2.1u to 11.^ * 1.8/1 and the shortest 
axis from Q.Ofi - l,8p. to 6.6^ i - 1.6;ui. These p a r t i c l e s were not ident-
i f i e d . 
Fredeen (l96o)(l96'+) reared larvae on suspensions of bacteria, 
pointing out that t h i s was probably t h e i r natural food i n the drainage 
ditches of western Canada. Wood and Davies (1966) reared larvae on a 
suspension of brewer's yeast. 
Chance (1970) examined the i n t e s t i n a l contents of larvae 
from natural habitats and found that, "most p a r t i c l e s were f r m 2 ^ 
to 100^ long and lOp. to 6(^ wide" bjit that p a r t i c l e s smaller than 
0.5;i were abundant. I n her a r t i f i c i a l feeding experiments. Chance 
(1970) found that 3. decorum and S. vlttatum larvae tended to se l e c t 
"Sephadex" beads of the smallest s i z e offered ( 2 ^ diameter). The 
s i z e of p a r t i c l e s offered i n these experiments ranged frcm 25/u to 
kO'^jx, Chance did not state whether or not the a r t i f i c i a l beads of 
various diameters were circulated with equal frequency i n her apparatus. 
I f the smaller beads, having a larger surface to weight r a t i o were 
ci r c u l a t e d more rapidly than beads of larger diameter, the s n a l l e r 
beads would have been more frequently exposed to capture by larvae. 
Both Fredeen's (I960)(l96k) and Chance's (1970) work suggest 
that b l a c k - f l y l a i ^ a e can Ingest very small p a r t i c l e s such as bacteria. 
Williams et a l . (1961) axe not c l e a r i n the graph i n t h e i r paper which 
suggests that there were numerous p a r t i c l e s smaller than the s i z e ranges 
given i n the table i n the same paper. 
Maclolek and Tunzi (1968) found that loss of c e l l u l a r micro-
seston i n a small fast-flowing mountain stream was due mostly to removal 
by s i m u l i i d larvae. These larvae were capable of removing 605^  of the 
suspended algae within a O.h km. section of the stream studied. 
Summarizing the above mentioned r e s u l t s , i t appears that 
b l a c k - f l y larvae are capable of ingesting p a r t i c l e s with a wide s i z e 
range (even up to the s i z e of small insect larvae) but that the s i z e s 
of p a r t i c l e s generally found i n the intestines of individual larvae 
reflect the sizes available in the water. Results such as those of 
Williams et a l . (1961) are likely due to the presence of large numbers 
of particles in a specific size range. The ability to rear larvae on 
"bacterial cultures (Fredeen 1960, 1961»-) and the apparent preference of 
larvae for particles of 23pi diameter over those of larger diameter 
(Chance 1970) suggests that hlack-fly larvae may Ue adapted to feeding 
on smaller particles than other aquatic insects (Jjirgensen 1966). 
c) The feeding apparatus and i t s actions 
A characteristic feature of many species of black-fly larvae 
(not those in the genera Ttfinnia Stone and Gymnopais Stone or the f i r s t 
instar larvae of the genus Prosimulium Roubaud) i s the presence, on the 
anterio-lateral margins of the head, of a pair of complex cephalic fans 
(also called head fans or mouth brushes). These cephalic fans are usually 
regarded as premandibular organs (Grenier 19^9)' Each fan consists of 
a basal stalk upon which i s arranged, as in a lady's fan, a number 
(20-50 in mature larvae) of sclerotized curved rays. The internal 
margins of these curved rays bear numbers of very fine microtrichia 
which are arranged in a single row from a point near the base of each 
ray to i t s t i p . This structure i s known as the principal fan (Grenier 
19^9). 
Grenier (l9'*9) illustrates two secondary fans which together 
with the principal fan make up what i s generally knoim as the cephalic 
fan. These two secondary fans are called the accessory fan and the 
marginal fan. The accessory consists of a number of slnple rays, each 
with a single row of fine hairs, lying in a semi-circular shape near 
the base of the principal fan and attached to the bEisal stalk. The 
marginal fan consists of a few rays projecting medially from the basal 
stalk. Sommezman (1953) and Wood et a l . (1963) called the principal 
fan the primary fan and the accessory fan the secondary fan and noted 
that the secondary fan in the genus Prosimulium i s of a much simpler 
pattern than that found in members of the genera Cnephia and Simulium. 
The method by which this cephalic fan complex gathers food 
particles and the action of each part of the fan complex in feeding 
has been given various interpretations. Riley (1886) stated that the 
fans created currents of water towards the mouth and that the curved 
rays directed particles into the mouth. Strickland (1911) considered 
the fan as a strainer and that the flicking motion of each fan caused 
food to be brushed into the mouth. Wilhelmi (1920) stated that there 
was much conjecture about the way food was collected but considered 
the cephalic fans as "Strudelapparat" or whirlpool organs. Nauman (192**-) 
and Puri (1925) rejected this idea and considered that feeding was by 
passive straining, although Puri (1925) suggested that when a fan was 
folded i t swept particles into the mouth. 
Portner (1937)* in an experimental study of larvae with complete 
and amputated cephalic fans in standing water, found the larvae with 
noxmal fans to use thm as whirlpool-creating organs. The larvae with 
amputated fans were noted to lose food particles from the amputated 
stumps as the fans closed. The flicking of the cephalic fans was 15-17 
per minute in standing water and up to four times that rate in moving 
water. 
Grenier (19^9) considered that the cephalic fans acted as 
strainers. 
Harrod (19^5) stated that S. nitidifrons required a minimum 
current of 19 cm./sec. to hold their cephalic fans open for any length 
of time. 
J^rgensen (19^6) classified black-fly larvae as non-selective 
passive f i l t e r feeders. 
Chance (1970) studied the rate of fan flicking and found a 
mean rate of 0.8l per second with a standard deviation of 0.33. She 
considered that fan flicking was an irregular occurrence. Etapty fans 
were often flicked and fans c ontaining food particles x^ere held open 
and not flicked. She concluded that the rate of fan flicking could not 
be used to represent a feeding rate. Instead she estimated feeding 
rate by studying ingestion. Chance mentioned fan flicking but i l l u s -
trated the tremsfer of food particles from the primary fan to the 
mouth by the cleaning of the fans when they are completely closed and 
retracted by bristles on the mandibles. In suggesting that the mandibles 
scrape food particles from the closed fan she appears to consider that 
the cleaning action of the tana by larvae (wherein the fans are stroked 
by the mandibles, an action which goes on at infrequent intervals) i s 
the real food particle transfer action and not the fan flicking motion 
considered as feeding by other authors (Portner, 1937* Grenier, 19*^ 9)* 
Chance (1970) did not propose any role for the .flicking action. 
I t rmains to be discovered what the motions of the mouthparts 
of black-fly larvae are in the food-gathering process and the resulting 
path of the water-borne food particles. The controversy of whether 
simuliid larvae are active or passive f i l t e r feeders reflects the small 
amount of experimental data which exists to support either contention. 
d) Poptilation density 
Black-fly larvae are often found concentrated in large 
numbers, on a small area of suitable habitat. A number of workers 
have recorded population densities for a given area of stream bott(»n 
or aquatic vegetation. Zahar (1951) found larvae on vegetation in 
densities of 2.1=3»2 larvae per sq,., cm. with one record at 5.5 per 
aq../craa Anderson and Dlcke (1960) found 2,000 to 4,000 larvae on a 
stone 10 to 20 inches in diameter. 
Carlsson (19^2) detezmined the numbers of simuliid larvae 
per 1,000 sqo 'cm. of stream bottom. In 6k seanples from 19 localities, 
he found from 1 to 9>600 larvae per 1,000 sq. cm. (i e . up to 9»6 
larvae / s q . cm. or an average of .35 pe? Bq» cni' for a l l collections). 
Maltland and Penney (1967) obtained densities from 0 to 228 larvae per 
sq. m. (lU samples) in the River Endrick or an average area of 36 sq. 
cm. 
No study appears to have been done to determine i f there i s 
any sort of maximum density to which larvae w i l l aggregate. Carlsson's 
(1962) observations show that larval densities may occasionally be very 
high but do not suggest that this occurs very often. 
2. THE ABSOLUTE DENSITIES OF VARIOUS POPULATIONS OF BLACK-FLY LARVAE 
As previously noted, several authors (Zahar, 1951> Anderson 
and Oicke, I96O; Carlsson, 19^ 2,* and Maitland and Penney, I967) have 
recorded population densities of larvae. The author has occasionally 
noticed in general collecting, high concentrations of larvae such as 
that Illustrated in Fig. 2 (taken of a stone in the Klara R. in eastern 
Norway.) The larvae shown are Gnus rostratum Rubtzov. 
The following work i s in two sections. The f i r s t i s an analysis 
of population densities of larvae from the North Madawaska River, Ontario, 
Canada, and frcm Allerton Beck near Stanhope in Co. Durham, England. 
The second section deals with experiments in crowding a commonly 
occurring English species, Simulium omatum Melgen. 
a) Methods and Materials for Field Studies 
The collections from natural habitats in Canada and England 
were made by selecting blades of grasses trailing in the stream; these 
were either leaves of aquatic weeds or leaves of grasses from the river 
bank which were hanging in the water. The area of the substrate in 
each sample was calculated by measuring the length and width of the 
leaf or leaves and multiplying by two to give the total leaf surface. 
The attached larvae were preserved in 95^ ethyl alcohol and counted. 
The number of larvae per sq. cm. was calculated by division. 
b) Results of Stream Observations 
Seventy-eight collections of larvae from the North Madawaska 
River during May and June, 1^5 are tabulated in Table 1. The area of 
Pig. 2. Lsrvae of Gnus rostratum Rubtz. on a stone in the KLara R., 
Eastern Norwayo 

vegetation SGsnpled and the density of larvae per sq. cm. i s given. 
These larvae were a mixture of two species - S. venustum Say and S. 
rugglesl N.SM. Eighteen of these samples contained more than one larva 
/sq. cm., the greatest density being 19.8 larvae /sq. cm. Pour samples 
showed densities below 0.1 larvae /sq. cm. The average leaf area per 
collection was 226 sq. cm. with an average density of 1.0 larvae /sq. 
cm. The North Madawaska River (in the 100 metre distance in which the 
collections were made) was a stream ^-6 metres in width with a rubble 
bottan of stones 10-15 cm. in diameter. There were frequent patches 
of eelgrass (Vallisnerla americana Michx.) which was the vegetation 
usually sampled in this study. 
Forty-seven samples of vegetation from Allerton Beck, Co. 
Durham were collected on two dates. Twenty-five were made on March 30, 
1967 and twenty-two on January 21, I968. The results of each of these 
collections are presented in Table 2. The avex^e leaf area ssmpled in 
1967 was 25.7 sq. cm. and there was an average larval density of 7«^ 
larvae /sq. cm. In I968 the average area sampled was 9*6 sq. cm. and 
the average density was 2.5 larvae /sq. cm. In the UOO metres of Allerton 
Beck sampled the width of the beck rarely exceeded 1 metre and was often 
less than 0.5 metre. Most of the vegetation sampled was grass which was 
tra i l i n g in the water. The species of larvae were S. spinosum D.fiD. 
and S. brevlcaule D.&G. 
1 i 
Table 1 
The densities of larvae and areas of vegetation from which they were 
collected. 
Samples from the North Madawaska River, Ontario - May - June, 1965. 
Area of vegetation (sq. cm.) Density of larvae / sq. cm. 
iko o.dk 
21k 0.1 
98 0.1 
70 1^ .1 
70 2.8 
90 k.i 
90 1-3 
220 0.2 
380 0.2 
180 .0.5 
120 0.3 
128 1.2 
210 1.5 
110 0.9 
112 l.k 
116 1.8 
120 0.6 
228 0.1* 
152 0.6 
156 0.5 
l i ; i * 0.8 
16k 1.3 
158 0.2 
118 1.1 
126 0.1* 
180 0.02 
156 0.1 
19k 0.1* 
iko 0.5 
80 0.1* 
k5 2.7 
8 19.8 
250 0.7 
320 0.6 
178 0.5 
21k 1.3 
21k 0.3 
172 0.1* 
250 0.3 
3ko 0.2 
Table 1 cont'd. 
Area of vegetation (sq. cm.) Density of larvae / sq. cm. 
Sum 
Average 
302 0.2 
276 0.1 
3ho 0.1 
198 0.5 
150 0.1* 
312 O.I* 
266 0.6 
322 0.3 
290 0.8 
210 0.6 
320 0.9 
22i^  0.9 
U30 0.2 
360 0.02 
' 165 0.2 
200 0.6 
1*10 0.1* 
33h 0.8 
39^ ^ 0.1 
380 0.7 
338 0.7 
280 2.1 
430 0.9 
290 0.6 
266 o.oi* 
288 0.2 
92 0.7 
k20 0.1* 
308 1.2 
306 0.3 
3^ 0 1.0 
322 0.1* 
201* 2.2 
398 0.6 
326 0.5 
158 3o6 
320 2.0 
21*2 0.1 
17,606 81. 
226 1. 
1 i 
Table 2 
The densities of larvae and the areas of vegetation from which they 
were collected. 
Samples taken March 30, I967 and January 21, I968 from Allerton Beck, 
Co. Durham, England. 
mrch 30, 1967 
Area of vegetation (sq. cm.) Density of larvae / sq. cm. 
Sum 
Average 
3.9 1.5 
1.0 6.0 
2.8 2.5 
7.0 0.7 
10.0 0.6 
1.0 16.0 
6.6 1.3 
9.5 l*.6 
5.1* 2.1 
3.6 0.6 
8.0 0.1 
3.1* l*.l 
3.0 22.0 
3.2 15.9 
1*.8 21.6 
21*.2 0.1 
18.0 2.0 
10.1* 0.9 
2.8 10.7 
1.8 20.0 
1*.0 2^ 2 
3.6 7.5 
1.5 0.8 
2.0 8.0 
1.2 31*. 5 
11*1.7 186.2 
5.7 7.1* 
January 21, I968 
Area of vegetation (sq. cm.) 
5.5 
17.6 
1^ .5 
2.1* 
Density of larvae / sq. cm. 
1.3 
3.9 
'*.9 
6.7 
Table 2 cont'd 
Area of vegetation (sq. cm.) Density of larvae / sq. cm. 
Sum 
Average 
7.0 l*.9 
17.6 3.5 
12.0 7A 
3.6 10.6 
10.0 0.2 
15.0 0.1 
18.0 0.1 
3.6 1.1 
3.6 1.9 
7.8 0.1* 
3.2 0.6 
30.0 1.3 
15.0 0.7 
15.0 0.5 
3.2 0.7 
8.0 0.9 
3.2 2.5 
t*.8 1-3 
211.6 55.5 
9.6 2.5 
c) Discussion of Stream Observations 
The average densities of laivae in collections on both dates 
from Allerton Beck were notably higher than that recorded for larvae 
in the North Madawaska River. The overhanging grass of Allerton Beck, 
i t was noted, provided far fewer attachment sites than the plentiful 
aquatic vegetation in the North Madawaska. The areas of vegetation 
sampled in the f i r s t stream were much smaller than in the second. 
While the two streams differ considerably in physical size and in 
availability of larval habitat, conparlaon between their larval popul-
ations on the basis of density can give some food for further studies. 
In both streams there were samples where the larvae were 
crowded quite densely. l a Allerton Beck, with i t s paucity of attachment 
sites such behaviour would seem logical; but even in that stream larval 
densities as low as 0.1 lerva /sq. cm. were found. In the North 
Madawaska, with numerous attachment sites with a density below 1.0 
larvae /sq. cm., nine samples had larval densities over 2.0 /sq. cm. 
These results would seem to suggest that there i s no strong pressure 
on larvae in crowded conditions to seek locations with a lower number 
of larvae per sq. cm. The lack of such a response to the presence of 
other larvae could well be responsible for the occasional high densities 
found in nature. 
The results from the Allerton Beck samples of 1967 suggest 
that high densities may be much more common than previously reported. 
Seven of the twenty-five samples had larval densities above 10.0 larvae 
/sq. cm. Whether any response to crowding appears at very high densities 
i s d i f f i c u l t to deteirolne in the f i e l d . The following experiments 
on crowding in the laboratory were an attempt to provoke the appearance 
of such a response. 
d) Methods and Materials for the Laboratory Experiments 
A trough 60.0 cm. long by 3'0 cm. wide by 3-0 cm. deep was 
constructed of treaisparent plastic sheet 3 rani' thick. At one end a 
header box 10 cm. by 10 cm. by 10 cm. was constructed and joined such 
that the box emptied into the trough. The box was fed via a stainless 
steel header tank supplied tfith tap water. Suspended by a 1* mm. diameter 
stainless steel rod Just so i t touched the surface of the water in the 
trough was a piece of 2 mm. thick flexible plastic strip 5 nm. wide and 
1*0 mm. long. This strip was divided by painted black lines every 5 nmi. 
of i t s length. The tip of the steel rod was glued to the upper side 
at one end of the strip and a bent insect pin inserted into the other 
end to provide an anchorage point. To this anchorage point was attached 
a length of monofilament fishing line (see Fig. 3). By pulling on the 
line the flexible plastic strip can gradually be lifted out of the water, 
thereby reducing the area available for atta.chment by the larveie. 
Figures l*-8 show the progressive reduction of the area of the strip 
during Experiment D. 
The larvae used in these experiments were Simulium omatum 
larvae collected from a stream near Shadforth, County Durham (Map 
Reference NZ 31^ 7 1*^ 10). They were collected, from vegetation trailing 
in the water of this small stream, into 9.5 cm. diameter by 8 cm. deep 
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screw top Jars which were then kept in the laboratory at 12°C. with 
an a i r stone connected to an aquarium pump si;^plylng a i r (and agitation) 
to each Jar. The larvae were kept in these Jars overnight before being 
used for an experiment. In one experiment (Experiment D) larvae which 
had been kept in such Jars for six days were used. 
Experiments were conducted by adjusting the strip so that 
the entire length of i t s lower surface was Just under the surface of 
the water. The rigid end of the strip (that held by the rod) was 
placed downstream for Experiments A to J and upstream for Experiments 
1 to 3. 
The velocity of the current in the trough was measured by 
means of a pltot tube gauge with the top positioned midway down the 
length of the plastic strip and as close to i t s lower surface as poss-
ible. The construction and callibratlon of the pitot tube gauges i s 
given in Appendix I . 
In Experiments A to J the larvae were f i r s t crowded down the 
plastic strip and then later allowed to recolonlse i t by moving upstream. 
In Experiments 1 to 3 laivae were f i r s t crowded upstream and could then 
recolonise the empty portion of the strip by moving downstream. 
Larvae were established by carefully l i f t i n g them with fine 
forceps into the water and alloiring them to spin out a length of s i l k 
thread which was then used to position the larvae next to the plastic 
strip so that they could attach themselves to i t . When the desired 
concentration of larvae was obtained on the total strip (area 2 sq. cm.) 
the flexible end of the strip was then raised gradually from the water. 
Figo ko So Qgnatum larvae on the p l a s t i c s t r i p , area 2 s§. cm. 
Pig. 5» S» oraatuM larvae on the p l a s t i c s t r i p , area lo75 s^. cm. 
24 
F i g . 6. S. omatum larvae on the p l a s t i c s t r i p , area 1.^ sq. cm. 
F i g . 7" So omatum larvae on the p l a s t i c s t r i p , area 1.25 s(j» cm. 
25 
Figo 8. So oraatvaa larvae on the p l a s t i c s t r i p , area 1 sq. (sa. 
2 6 
This was done so that the larvae were never l i f t e d out of the water 
but xfere only buffeted by the flow of the current past them. On 
being buffeted i n t h i s fashion larvae would either move to a l e s s 
buffeted area of the p l a s t i c s t r i p or abandon i t altogether, allowing 
the current to carry them downstream. 
After the larvae had been crowded onto an area of 1 sq. cm. 
and counted, the part of the p l a s t i c s t r i p which had been l i f t e d from 
the water was allowed to re-enter. The numbers of larvae that re-
established on the area foimerly denied them was recorded. The illum-
ination over the larvae which had been maintained at a l e v e l approximating 
that of noon on a d u l l cloudy day at Durham was reduced during a period 
of ho minutes to t o t a l darkness. The larvae were then observed under 
the illumination of a red photographic dark room safelight. 
e) Results of the Laboratory Experiments 
Table 3 presents the water temperature and current velocity 
under which each experiment was conducted. 
Each experiment was divided into two parts. The f i r s t part 
considered was the reactions of the larvae to being crowded ( i . e . 
whether they allowed themselves to be crowded together or whether 
they abandoned the p l a s t i c s t r i p ) . The second part dealt with the 
movonents of the larvae a f t e r the area of the p l a s t i c s t r i p previously 
denied to than was lowered back into the water. 
Table k presents an analysis of the f i r s t part of Experiments 
A to J ( i . e . crowding). The time between 2 sq. cm. of p l a s t i c being 
available and only 1 sq. cm. being available i s given ( c o l . 2 ) . This 
time period was to some extent determined by the larvae thonselves, 
as the area available for attachment was reduced by .23 sq. cm. 
segments only when a l l the larvae had moved to such a position that 
they would not be l i f t e d out of the water when such a reduction was 
made. The need for a longer time i n Experiment C was due to the larger 
number of larvae taking more time to move themselves down the s t r i p . 
The numbers of S. omatum larvae on 2 sq. cm. at the s t a r t of the 
crowding and on 1 sq. cm. at the end of the crowding period are given. 
The"percent crowded" figure i s the percent increase i n numbers of 
larvae per sq. cm. at the beginning end the end of the crowding period. 
From t h i s figure i t can be seen that an increase i n l a r v a l density 
was obtained at the end of each crowding experiment ranging from 128.2^ 
to 180.5^ of the o r i g i n a l d e n s i t i e s . A maximum density of l^i-l larvae 
per sq. cm. was obtained. 
TABLE 3 
The Temperatures and Current Ve l o c i t i e s at which 
each Crowding Experiment wae Conducted 
Experiment Tanperature °C. Current Velocity 
cm./sec. 
A 12.5 hk 
B 13.0 62 
C 11.0 hh 
D 12.0 kk 
E 10.5 kk 
P 10.5 kk 
G 11.5 kk 
H 11.5 kk 
J 9.0 kk 
1 12.5 kk 
2 11.5 1^1^  
3 ik.o 62 
3 i 
TABLE k 
The r e s u l t s of crowding experiments on S. oniatina 
Tine larvae No. on No. on ^ 
Experiment crox^ded 2 sq. an. 1 sq. cm. crowded 
Hr. Min. 
A 3 00 82 Ih 180.5 
B 1 50 99 89 179.8 
C 3 50 220 Ikl 128.2 
D 1 15 109 100 183.5 
£ 1 35 105 89 169.5 
P 2 35 148 119 160.8 
G 1 05 l(3k 83 159.6 
H 1 00 167 128 153.3 
J 1 30 105 70 133.3 
Table ^ presents an analysis of the numbers of larvae 
abandoning the p l a s t i c s t r i p during crowding. The number of larvae 
abandoning the p l a s t i c s t r i p varied from 8 to 79. (This l a s t figure 
was obtained i n Experiment C, i n which 220 larvae were on the s t r i p 
at the s t a r t of the experiment). 
TABLE 5 
Numbers of Larvae Dropping Off During Crowding 
Experiment 
Time Larvae 
Crowded 
No. Dropping 
Off 
No. at 
Start 
^ Dropping 
Off 
Hr. Min. 
A 3 00 8 82 9.8 
B 1 50 10 99 10.1 
C 3 50 79 220 35.9 
D 1 15 9 109 8.3 
E 1 35 16 105 15.2 
F 2 35 29 li*8 19.6 
G 1 05 21 104 20.2 
H 1 00 39 167 23.h 
J 30 35 105 33.3 
ige 1 58 27.3 126.5 19.5 
The second part of the experiment attempted to study the 
recolonisation of the empty upper h a l f of the p l a s t i c s t r i p . The re s u l t s 
are given i n Table 6. 
TABLE 6 
Number of Larvae Returning up the Str i p when not Croinied 
Experiment 
Time to 
move back 
Hr. Min. 
Noo moved 
back ^ moved back 
No. a v a i l * 
able to 
move back 
A 3 00 5 6.8 Ik 
B 9 50 25 28.8 69 
C 3 20 13 9.2 11*1 
D 2 05 k9 1*9.0 100 
E 2 50 5 5.6 89 
F 2 30 7 5-9 119 
G 2 1*0 17 20.5 83 
H 3 00 13 10.2 128 
J J . 00 5 7.1 70 
ige 3 36 15. 99.2 
Only one experiment was l e f t longer than 3 hours 20 minutes i n 
t h i s stage. Experiment B was l e f t for 9 hours 50 minutes to see i f 
l a r v a l movements were greater during a much longer period of time. More 
larvae moved up the s t r i p i n Experiment B than i n any of the other 
experiments except D* The increased number moving up the s t r i p i n 
Experiment B was only 28.8^ of the t o t a l number of larvae at the s t a r t , 
even allowing them 9 hours 50 minutes to do i t . The large percentage 
moving up i n Experiment D can perhaps be explained by the fact that 
the larvae i n t h i s experiment had been kept i n the laboratory for 6 
days previous to the experiment. The larvae used i n a l l other exper-
iments were only kept one day i n the laboratory before use. The 
number of larvae moving up the p l a s t i c s t r i p are lower than the numbers 
o r i g i n a l l y there before crowding took place (see Table 7). 
The number of larvae o r i g i n a l l y on the upstream 
h a l f of the p l a s t i c s t r i p and the number moving up to i t again 
Experiment No. of larvae No. before 
moving up crowding 
A 5 55 
B 25 k2 
C 13 li^8 
D ^9 9^ 
E 5 h9 
F 7 96 
G 17 63 
H 13 85 
J 5 57 
Only i n Experiment D, presumably for the reason given above, did the 
number of larvae returning approach that of the number o r i g i n a l l y 
resident there. 
8 
Table 8 shows the number of larvae i n the second part of each 
experiment that abaMoned the p l a s t i c s t r i p rather than moving up i t or 
ranaining on the lower h a l f . These numbers are generally quite low -
only i n Experiment C did an appreciable number of larvae abandon the 
s t r i p , and these are only 23.3^ of the t o t a l larvae on the s t i l p . 
TABLE 8 
Numbers of larvae dropping off when not crowded 
Experiment 
Time to No. ^ 
leave abandoning abandoning 
Hr. Min. s t r i p s t r i p 
No. available 
to abandon 
s t r i p 
A 3 00 10 13.5 7k 
B 9 50 5 5.5 89 
C 3 20 33 23.3 11*1 
D 2 05 11* ll * . 0 100 
E 2 50 7 7.9 89 
F 2 30 I* 3^k 119 
G 2 1*0 3 3.6 83 
E 3 00 3 2.3 128 
J _3 00 1 1.1* 70 
ige 3 36 8.8 99.2 
Three experiments were conducted i n which S. omatum larvae were 
crowded up the p l a s t i c s t r i p and l a t e r given the opportunity to move 
down i t again. The r e s u l t s of the crowding portion of the experiment 
are given i n Table 9« They show that some degree of crowding took 
place. 
TABI^ 9 
)8trefflB direction 
Time croMed No. on No. on 
Experiment Hr. Min. 2 sq. cm. 1 sq. cm. ^ crowded 
1 1 00 62 ho 129.0 
2 1 20 J*7 h2 178.7 
3 3 25 79 52 131.6 
Table 10 gives the numbers of larvae abandoning the p l a s t i c 
s t r i p during crowding. The percentages of larvae abandoning the p l a s t i c 
s t r i p during crowding i n an upstream direction do not d i f f e r markedly 
from those obtained i n the experiments where larvae xfere crowded i n a 
downstream d i r e c t i o n . 
TABLE 10 
Number of larvae abandoning the p l a s t i c s t r i p 
during crowding i n an upstream direction 
Time crowded No. No. at 
Experiment Hr. Min. abandoning s t a r t ^ abandoning 
1 1 00 22 62 35.5 
2 1 20 5 hi 10.6 
3 3 25 27 79 3'+.2 
3 6 
Table 11 gives the number of larvae which either recolonised 
the part of the p l a s t i c which was retumed to the water af t e r crowding 
or abandoned the p l a s t i c s t r i p e n t i r e l y . 
TABLE 11 
Number of larvae changing positions a f t e r the area 
of the p l a s t i c s t r i p downstream was retumed to the water 
Time No. of larvae No. of larvae No. available 
Experiment observed moving down abandoning to move 
Hr. Min. s t r i p or abandon 
1 13 05 3 1 '^O 
2 7 00 1 1 1*2 
3 6 55 0 3 52 
Very few larvae moved downstream on the p l a s t i c s t r i p during 
these experiments as opposed to larvae moving upstream i n Experiments 
A to J , e s p e c i a l l y considering that much more time was allowed i n 
Experiments 1 to 3. Also, very few larvae i n Experiments 1 to 3 
abandoned the p l a s t i c s t r i p as cc»npared with Experiments A to J . 
f ) Discussion of the Laboratory Experiments 
The most s i g n i f i c a n t r e s u l t of these experiments i s the fact 
that d e n s i t i e s of b l a c k - f l y larvae much higher than those found i n the 
f i e l d experiments were obtained. Such r e s u l t s must further reinforce 
the t h e s i s that b l a c k - f l y larvae do not show much tendency to disperse 
from a substrate on which they occur a t a high density. 
I t should also be noted that S. ornatum larvae w i l l move 
away from an area ^ e r e they are being buffeted ( i e . the water flow 
is turbulent) to an area where the flow of water is more laminar. 
This observation agrees with Maitland and Penney (1967). 
During crowding both i n upstream and downstream diz^ctions, 
numbers of larvae abemdoned the plastic strip (see Tables 3 sjxd 10). 
I t i s not clear whether these larvae abandoned the strip i n preference 
to being crowded more closely together with other larvae or whether 
they simply lost their secure hold on the substrate and were swept 
downstream. Whatever the reason, the effect of the redaction of hab-
i t a t space resulted i n the majority of larvae preferring to be crowded 
more closely together while a minority abeaidoned that substrate. 
The numbers of larvae moving upstream after having been 
crowded downstream (Experiments A-J) were low i n a l l experiments except 
one (see Table 7). However, the numbers of larvae moving downstream 
after having been crowded upstream (Experiments 1-3) were lower s t i l l 
(see Table 11). There is a suggestion here that S. omatum larvae, 
when they move under their own vo l i t i o n , prefer to move against the 
current rather than away from i t . They were, however, quite capable 
of moving either upstream or downstream as shown by their responses to 
crowding i n both directions. 
Black-fly larvae, while amenable to forced movement and to 
a great degree of crowding, do not appear to exist in nature at anything 
li k e the possible densities at which they can be forced to exist i n the 
laboratory. At the densities found i n the f i e l d samples taken from 
Allerton Beck and the North Madawaska River, interaction between 
individual larvae would be much less than i n the far more crowded lab-
oratory experiments. I t i s l i k e l y that at the densities which larvae 
are found i n nature movement of larvae from an area of high larval 
density to an area of lower leirval density would not be caused by 
population pressure. 
Further, i t i s possible that crowding of larvae, resulting 
i n a patchy distribution when large areas of a stream are concerned, 
is not an unusual or detrimental phenmenon. 
3. THE MEANS AHD MECHANISM OF POOD COLLECTION 
a) The fine structure of the rays of the primary fan 
The arrangement and general morphology of the various mouth-
parts of black-fly larvae have been discussed quite thoroughly by 
several authors (Puri 1925, 1926; Grenier 19^9; Davies I965; Chance 
1970). Davies (1966) has shown the taxonomic significance of the 
variations i n the morphology of the mandible t i p . Purl (1926), Grenier 
(19^9) and Chance (1970) have noted variations i n the morphology of 
the rays of the cephalic fans. 
Chance (1970) stated that the primary fan was the chief food 
collecting organ. Her observations of the trichiation of the rays of 
the primary fans suggested that there were specific differences but 
that these had no effect on the varying rates of ingestion of food by 
various species. 
Since the exact fine structure of a primary ray is d i f f i c u l t 
to determine under the l i g h t microscope due to the fact that the spacing 
of microtrichia on a ray i s often i n the 1 micron range, the rays of 
the primary fan of twenty British species, three Canadian species, one 
species from material collected i n Norway and one species (Crozetia 
crozetense) collected by Dr. L. Davies i n the Crozet Islands were exam-
ined and photographed using the scanning electron microscope. The 
Bri t i s h species studied were as follows: 
Genus Prosimulium Roubaud 
Prosimulium hirtipes (Fries) 
Prosimulium inflatum Davies 
Prosimulium arvernense Grenier 
Genus Simulium Latreille 
Simuliian omatum Meigen 
Simulium nitidifrons Edwards 
Simulium spinosum Doby and Deblock 
Simulium monticola Friedrichs 
Simulium variegatum Meigen 
Simulium reptans (Linnaeus) 
Simulium tuberosum (Lundstroean) 
Simulium argyreatum Meigen 
Simulium erythrocephalum Degeer 
Simulium latlpes Meigen 
Simulium brevicaule Dorier and Grenler 
Simulium armoricanum Doby and David 
Simulim costatum Friedrichs 
Simulium angustitarse Lundstroem 
Simulium equinum (Linnaeus) 
Simulium salopiense Edwards 
Simulium lubexcisum Edwards 
The following other species were examined: 
Prosimuliurn (Helodon) ferrugineum (Wahlberg) 
Simulium venustum Say 
Simulium rugglesi Nicholson and Mickel 
Simulium longlstylatum Shewell 
Crozetia crozetense (Wcanersley) 
The actual measurements, as determined from the photographs 
of the various parts of the ray of each species studied, are given i n 
Table 12. The photographs are presented i n the actual size as displayed 
on the cathrode ray tube of the scanning electron microscope. Magnif-
ications are given i n the captions to each photograph. In the following 
text the photographs of each species studied w i l l be described. These 
descriptions are intended only to supplement the photographs and draw 
attention to the outstanding features of each specimen. 
In the tables, t i p length refers to the length of the t i p 
of a ray from the start of the microtrlchia to the t i p of the ray. The 
thickness of a ray is the depth in the plane of the mlcrotrichla. The 
thickness of the primary and secondary microtrichia was measured ^ t their 
bases as was the spacing between the secondary microtrichia. 
TABLE 12 
The dimensions of the microtrichia on the rays of the 
cephalic fans of 24 species of black-fly larvae 
Tip Ray 
Species length thickness 
Length of Thickness Spacing of 
primary of primary primary 
micro- micro- micro-
tri c h i a t r i c h i a t r i c h i a 
(/.) 
P. ferrugineum 116 6-17 11-16 1-2 7 
P. hirtipes 3-9 13-15 1 13 
p. inflatum 61^  5-9 6-8 1 18 
p. arvemense 1^6 2-15 13 1 19 
s. omatum 28 1-4 13-15 0.5 9 
s. nitidifrons 17 1-6 7-8 0.5 11 
s. spinosum 13 1-4 8-9 0.5 8 
s. variegatum 7 2-10 7-11 1 8 
s. monticola 9 1-7 9-10 1 11 
s. reptans 11 1-7 5-6 0.5 13 
s. tuberosum 10 1-3 8-9 0.8 13-14 
s. equinum 11 1-2 6-8 0.5 8 
s. salopiense 16 1-5 6-7 0.5 13-17 
s. erythroce-
phalum 
18 1-3 5-6 0.3 4-6 
s. argyreatua 17 1-17 10-11 0.5 9-11 
s. subexcisum 16 1-2 No change - -
s. aagustitarse 14 1-3 6-7 0.3 9 
s. latipes 10 1 7-9 0.3 8 
s. brevicaule 14 2-3 6-10 0.6 8 
TABLE 12 (COHT'D.) 
Tip Kay 
Species length thickness 
Length of IMckness Spacing of 
primary of priiaary prlmeary 
micro- micro- mloro-
triehia -ferichia t r l c h i a 
(>.) 
S. axmoricanisa 15 1-2 8 0,9 6 
S. costatxM 9 1-3 7-8 0.3 5 
S. veaustum 22 2-3 9-U 0.6 12 
S. rugglesi 10 1-3 2-5 0.3 ' 5 
S. longistyla-
tm 
25 2-6 31-33 0.8 20 
Species 
Thickness of 
secondary 
mlero-
t r i c h i a 
(;») 
Nunber of 
secondary 
micro-
t r i c h i a 
ifx) 
Spacing of 
secondos'y 
micro-
triehia 
(;») 
Lengtli of 
secondary 
micro-
t r i c h i a 
P. ferrugineusa 1-2 3-5 0.3 11-12 
P. hirtipes 0.7 8-9 0.1 8-10 
P. loflatisa 0.8 17 0.2 3-5 
P. supvernenee 0,8 11 0.2 7-9 
S. ornatum 0o3 9-11 0.1 6-7 
S. nitidifrons 0.3 2U-25 0.1 3-5 
S. spinosi^ 0.3 9-12 0.2 1-5 
S. vexiegatian 0,5 8-11 0.2 U-8 
S. montlcola 0.5-1 9-12 0.1 2»8 
TABLE 12 (CONT'D.) 
Species 
<iMcknss8 of 
secondary 
mlcro-
t r i c h i a 
Hisaber of 
secondairy 
micro-
t r i c h i a 
Spacing of 
secondary 
micro-
t r i c h i a 
Length of 
secondary 
micro-
tr i c h i a 
S. reptans 0,4 15=18 0.1 3»5 
S. tuberbsum 0.3 12-16 0.2 3-6 
3, e^uinua 0,3 10-11 0.1 3-7 
S. salopiense 0.3 32-43 -^ 0.1 4-5 
3. arytbroce- 0.2 13-21 <0.1 4 
S. argyreatum 0.3 7-16 0.1 2-4 
S, si^bexcisum 0.2 - 0.1 5-6 
S. aosustltarse 0.2 15-16 0.1 3-5 
S. latipes 0*2 13^ 1^ ^ <0.1 3-6 
S. brevicaule 0.4 9 0.1-0.2 1-8 
S. ansorieanum 0.5 8 0.1 1-5 
S. eostatum G.3 8-10 0.1 4-5 
S. venustum 0.4 8-12 0.2 4-7 
S. rugglesi 0.2 9 0.1 3-4 
S. longlstyla-
tm 
0.6 13-19 0.1 5-15 
Primary microtrichia are considered as the long and strong 
setae which occur at intervals along a ray. Crosskey (1960) called 
these socketed macrotrichia. Secondary microtrichia are defined as 
those finer and shorter setae which occur i n varying numbers between 
the primary microtrichia. These were thought to be microtrichia by 
Crosskey (1960). However, no evidence of the socketed macrotrichia 
was found on the rays of the species studied and a l l the setae 
depicted here are considered to be microtrichia. 
When held extended, the primary fan of a larva appears i n 
the form depicted i n Fig. ^ , The orientation of the rays with their 
tips pointed posteriorly can be clearly seen. In a higher magnification 
of the same primary rays (Fig. 10) the orientation of the rays around 
their basal stalk and their general shape (approaching that of a fanner's 
scythe) i s apparent. The microtrichia can be seen on the interior 
margin of each flattened curved ray. 
In the following, photomicrographs and descriptive text 
outline the variations fztsn species to species of the fan rays and 
their microtrichia. 
b) Observations on individual species under the scanning electron 
microscope 
1. Prosimulium (Helodon) ferrugineum (Wahlberg) 
Figures 11-14 
This species has the heaviest and thickest ray of any species 
examined. I t varies i n thickness from 6 microns at the base of the 
t i p to 17 microns at the middle of i t s length. The surface of the ray 
shows definite striations. The microtrichia show only a very slight 
cyclic pattern (3 to 5 i n number) of varying lengths. They are at 
least one micron i n diameter and 11 microns i n length. None of the 
microtrichia appear to be socketed. A l l the microtrichia are quite 
stout and the spacings between them 0.3 microns. 
2. Prosimulium hirtipes (Fries) 
Figures 15-18 
The structure of the ray of a ?. hirtipes larva is somewhat 
finer than that of P. ferrugineum. The t i p length i s much shorter at 
microns ifhile the ray thickness i s 3-7 microns. The microtrichia 
are nearly as long as those of P. ferrugineum but occur in a cyclic 
pattern of 8-9 secondary microtrichia. The spacing of the microtrichia 
is .1 microns. 
3. Prosimulium inflatum Davies 
Figures 19-21 
The ray of t h i s species appears intermediate between that of 
P. ferrugineum and that of P. hirtipes. The ray is nearly as thick at 
the t i p as i n P. ferrugineum but towards the base is only as thick as 
P. hirtipes. The length of the t i p i s midway between the two other 
species. The microtrichia are much shorter (3 microns to 8 microns) emd 
the secondary microtrichia occur i n a cyclic pattern of 17. The spacing 
of the secondary microtrichia is intemediate to P. ferrugineum and 
P. hirtipes. 
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*^ ProslfflulluP' arvemense Grenier 
Figures 22-24 
P. ai'vemense, the third of the three British species in 
the genus Prosimulium, has a rather slender ray and rather long second-
ary microtrichia i n a cyclic pattern of 11. The spacing of the second-
ary microtrichia is similar to that of P. inflatum while the microtrichia 
approach those of P. hirtipes i n length. 
5. Slmulium omatum Meigen 
Figures 25-27 
S. omatum J, one of the commonest species in Britain, has a 
fine ray (1-4 microns) i n depth, surmounted by long slender microtrichia. 
The primary microtrichia are double the length of the secondary micro-
t r i c h i a . The latter show only a small variation i n length and are in a 
cyclic group of 9 to 11. They are spaced only 0.1 microns apart. The 
t i p of the ray i s slender and twice the length of the primary micro-
t r i c h i a . 
6. Simullum nitidifrons Edwards 
Figures 28-30 
This species has a somewhat thicker ray (l - 6 microns) than 
that of S. omatum. The t i p of the ray Is also shorter (17 microns). 
The primary microtrichia are half as long as those of S. omatum but 
the secondary microtrichia are proportionately longer and occur in a 
cyclic pattern of 24 to 25. The spacing of the secondary microtrichia 
is the same (O.l microns) as for S. omatum. 
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7. Simulium spinosum Doby and Deblock 
Figures 31 and 32 
This species has a ray of similar depth to S. omatum. The 
t i p of the ray is shorter than both S. omatum and S. nitidifrons. 
The primary microtrichia are similar i n dimensions to S. nitidifrons 
although more closely spaced. \iha.t sets this species apart from 
S. omatm auad S. nitidifrons i s the regular variation i n length of 
the secondary microtrichia (1-5 microns). These axe arranged i n a 
cyclic group of 9 to 12 microtrichia and vary i n length i n a manner 
resembling an ascending scale of organ pipes. The spacing between 
the secondary microtrichia i s much coarser (0.2 microns) than the other 
two species. 
8. Simulium variegatum Meigen 
Figures 33-36 
The rays of this species are notable for the shortness of 
their t i p . The ray is somewhat deeper than S. omatum and the primaiy 
microtrichia are thicker. An "organ-pipe" cyclic arrangement occurs 
as with S. spinosxmt, but the number of secondary microtrichia per cycle 
i s 8-11. The spacing of the secondary microtrichia is 0.2 microns. 
9. Simulium monticola Friederichs 
Figures 37-39 
This species has rays very similar to those of S. variegatum. 
The "organ-pipe" cycle of the secondary microtrichia is similar but 
9 to 12 microtrichia i n number. On the whole, the microtrichia are 
sli g h t l y shorter and broader i n diameter than is the case with S. 
v^iegatum. 
10. Slmulium reptans (Linnaeus) 
Figures 4o-4l 
This species has a delicately tapered ray with a short t i p 
only s l i g h t l y longer than that of S. monticola. The cyclic arrangement 
of the secondary microtrichia resembles those of S. omatum and S. 
nitidifrons but numbers 15 to l8 microtrichia. Their spacing is 0.1 
microns. The primary microtrichia are only 5-6 microns long. There is 
very l i t t l e "organ-pipe" variation i n the lengths of the secondary 
microtrichia. 
11. Simulltmi tuberosum (Lucdstroem) 
Figures 42-44 
The ray of S. tuberosum resenbles that of S. reptans with 
the exception of the longer and thicker primary microtrichia and the 
generally smaller number of secondary microtrichia (12-l6) in a cycle. 
There i s also a more pronounced "organ-pipe" variation i n the secondary 
microtrichia similar to S. monticola and S. variegatum. 
Simulim equinum (Linnaeus) 
Figures 45 and 46 
This species has a thin and shallow ray (1-2 microns) T r r i t h 
a short t i p (11 microns). The secondary microtrichia show an "organ-
pipe" variation with a cycle of 10 or 11. The spacing between secondary 
raicrotrichia i s quite small at 0.1 microns. 
13. Simulium salopiense Edwards 
Figures k'J-k9 
This species has an even finer ray than S. equinum (1-5 
microns). There i s a l i t t l e variation i n the lengths of the secondary 
microtrichia and they are arranged i n a cycle of 32 to U3. The spacing 
of the secondary microtrichia i s very small (less than 0,1 microns). 
Ik. Simulium erythrocephalum DeGeer 
Figures 50-52 
This species has a very slender ray (1-3 microns) with very 
delicate microtrichia. The t i p of the ray is I8 microns long. The 
secondary microtrichia are nearly as long as the primary microtrichia. 
The cyclic arrangement of secondary microtrichia numbers 13-21. Their 
spacing i s very fine (less than 0.1 microns), 
15. Simulium argyreatum Meigen 
Figures 53 and 51*-
This species has a thin ray with long and stout primary micro-
t r i c h i a . Contrasting this are the much shorter and thinner secondary 
microtrichia. The arrangment of the microtrichia i n this species has 
some resonblance to those of S. omatum. The secondary microtrichia 
have a spacing of 0.1 microns and a cyclic arrangement of 15-16. 
16. Simulium subexcisma Edwards 
Figures 55-57 
In this species we find a very delicate ray fonn without 
primary microtrichia. A l l the microtrichia appear to be nearly the 
5 
same length (5-6 microns) and a spacing of 0.1 microns. The t i p of 
the ray i s l6 microns long and diverges from the end of the ray at a 
large an&Le. 
17. Simulium angustitarse (Lundstroem) 
Figures 58-61 
The ray of S. angustitarae i s only slightly less delicate 
than that of S. subexcisum and has a t i p l4 microns long. The second-
ary microtrichia show a definite "organipipe" arrangement numbering 
15-16 microtrichia. Their spacing is 0.1 microns. 
Two views of the broken end of a ray demonstrate that i t 
appears to be a hollow structure scmewhat rectangular in cross-
section. 
18. Simullum latipes (Meigen) 
Figures 62-64 
S. latipes has a very slender ray carrying slender mlcro-
t r i c h i a j the secondary microtrichia are i n a cycle of 13-1 .^ These 
secondary microtrichia show an "organ-pipe" variation i n their lengths 
and are spaced at Intervals of less than 0.1 microne. The t i p of the 
ray i s 10.0 microns long and quite slender. 
19. Simulium brevicaule Dorler and Grenier 
Figures 65 and 66 
S. brevicaule has a much stouter ray than S, latipes and a 
sl i g h t l y longer t i p (l4 microns). The microtrichia are much thicker 
and sl i g h t l y longer. The "organ-pipe" variation i n the secondary 
microtrichia is quite pronounced and the cyclic variation is 9- Their 
spacing i s larger (,l - .2 microns) than i n S, latlpes. 
20. Simulium armoricanum Doby and David 
Figures 67 and 68 
This species has a ray which i n thickness is intermediate 
between S. latipes and S. brevicaule. The t i p is longer (15 microns) 
than that of S. brevicaule. A very pronounced "organ-pipe" variation 
of the secondary microtrichia is an outstanding feature. The spacing 
of these microtrichia i s 0.1 microns. 
21. Simulium costatum Friederichs 
Figures 69 and 70 
S. costatum has a very short t i p to i t s ray. (The ''ti-pc on 
the photographed specimen is curved because of electron beam pressure.) 
The ray i t s e l f i s slender and the microtrichia anranged i n a similar 
form to the three previous species but without a highly pronounced 
"organ-pipe" variation. 
22. Simulium venustum Say 
Figures 71 and 72 
This species, from North America, has a ray of average thick-
ness and a t i p 22 microns i n length. The secondary microtrichia are 
arranged i n cycles of 8 to 12 and show some degree of "organ-pipe" 
variation. The spacing of the secondary microtrichia is 0.2 microns. 
23. Slmulium rugglesi Nicholson and Mlckel 
Figures 73 and 74 
This species has a very fine ray ^fith a short (10 microns) 
t i p . The microtrichia are a l l quite short. The secor^ary microtrichia 
are i n cycles of 9 and shov only a slight "organ-pipe" variation, and 
are spaced 0.1 microns from one another. 
Two of the photographs of S. rugglesi are of general views 
of the rays of the primary cephalic fan demonstrating the curvature 
of the rays and the way they f i t together when closed. 
24. Slmulium longistylatum Shewell 
Figures 75-77 
This species has a t i p to the ray 25 microns i n length. The 
chief peculiarity of the ray i s the long length of the microtrichia, 
especially the primary microtrichia. The secondary microtrichia, i n 
cycles or groups of 13 to 19, show a very marked "organ-pipe" variation 
in length frcsn 5 to 15 microns. 
25. Crozetia crozetense (Womersley) 
Figures 78 and 79 
C. crozetense has fan rays of a very short and peculiar fom 
which resemble to seme degree toothbrushes with a single row of bristles. 
c) Discussion of scanning electron microscope results 
While the primary rays of the above species have a basically 
similar structure (a sclerotized curved ray, rectangular i n cross-section 
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and carrying a single row of microtrichia), they vary considerably in 
detailed structure. In a l l but one species studied the primary fan 
is used to f i l t e r food particles from flowing water. The one exception, 
Crozetla crozetensej apparently does not f i l t e r feed but used i t s short 
primary rays as rakes to browse on the substratum of the stream (Dumbleton 
1962, Davies 1^5 )• This unusual structure of the cephalic fans to-
gether with the larval leibrvaa, has led Davies (1965) to propose that 
Crozetla crozetense i s primitive with respect to these structures and 
that the cephalic fan of this species represents an early stage in the 
evolution of cephalic fans which are now used as f i l t e r i n g organs by 
later Simulildae. In connection with this view, i t i s interesting to 
note the similarity of the peg-like microtrichia of the rays of P. 
ferruglneum to those of Crozetla crozetense. P. ferruglneim i s placed 
i n the genus Helodon by Rvflatzov (1959) and i s considered a r e l i c t genus 
by him and Carlsson (19^2). 
I f we accept the view that the f i l t e r i n g fosms of cephalic 
fans evolved from raking brushes or ccsnbs similar to those of Crozetla 
crozetense, we can then postulate that the wide variety of patterns of 
microtrichia on f i l t e r i n g cephalic fans have arisen as modifications 
of a simple row of peg-like mlcTOtrlchla. Three basic patterns can be 
seen i n the f i l t e r i n g species studied. The f i r s t has primary micro-
t r i c h i a at intervals between which are a number of secondary microtrichia 
which are of more or less the same length (eg. P. hirtipes, S. omatum, 
S. nltldlfrons, S. angustitarse, S. saloplense, S. reptena and S. 
erythrocephalum). The second has microtrichia which are a l l apparently 
the same size (eg. S. subexclsum). The thi r d fona has primary micro-
t r l c h i a at intervals along a ray with secondary microtrichia which 
vary i n length in a fashion similar to organ pipes. They increase in 
length i n a regular series towards the t i p of a ray (eg. S. hrevicaule^ 
S. anaoricanumj S. venitstum, and S. longistylatum). 
This wide variety of foims, even f a l l i n g into three general 
pattems as they do, suggests that filter-feeding hlack-fly larvae may 
he a canplex matter. Rubtzov (1959) claimed that the microtrichia on 
the primary irays of larvae of anautogenous species are spaced 10 to 20 
microns apart while on autogenous species they are 1 micron apart. 
The wide range of patterns of microtrichia suggest that Rubtzov's view 
is an oversimplification. The various modified rays are more li k e l y 
to be morphological evidence of adaptation to a particular environment. 
I t i s unlikely that the rays of the cephalic fans are adapted 
to feeding on a particular segment of the microseston of a stream as 
Anderson and Dicke (19^0) found Wisconsin species unable to feed 
selectively. I t i s more prohable that the various patterns of micro-
t r i c h i a on the rays of the primary fans of black-fly larveie are an 
adaptation to food gathering i n various rates of water current for which 
many species have been found to have preferences (see introductoiy 
section on Current and black-fly larvae). I t i s d i f f i c u l t to explain 
how these different patterns of microtrichia would affect food intake. 
The following section reports a study of the feeding action of a live 
larva. 
Figo 9. Cephalic fan of So rugglesi 
X 190 
Pig. lOo Says of the primary fan of 3. rugglesi. 
X 950 
55 
I 
Figo 11. Side view of a ray of Po ferruglneum. 
X 2,000 
Fig. 12. Tips of the rays of P. ferruglneum. 
56 
\ 
Pig. 13. Vieif of the interior edge of a ray of P. ferrugineua. 
X 1^ ,700 
Fig. Iko Side view of the ray of P, ferrugineum. 
X 2,000 
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Fig. 15. The t i p of a ray of P. hirtlpes. 
X 2,000 
Figo 160 Side view of a ray of P. hlgtipes. 
X 2,000 
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Fig. 17. Side viev of a ray of P. hirtipes. 
X 5,000 
Fig. 180 SidQ view near the base of a ray of Po hirbipas. 
X 5,000 
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19. Tips of the rays of Po inflatum. 
X 500 
Fig. 20. Side view of a ray of P. inflatum. 
X 2,000 
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Fig. 21. Side view of a ray of P. inflatiaa. 
X 5,000 
3?lg. 22. Tip of a ray of Po arvemease. 
X 1,050 
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Figo 23" Side view of a ray of Po arvernense. 
. X 2pl00 
Pig. 2ko Side view of a ray of P, arvemense near i t s base. 
S 2,100 
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Figo 25o 2ip of a ray of S. omatusa. 
X 2,000 
Fig. 260 Side vtm of a ray of So omatum. 
X 2,000 
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Flgo 27o Side vievT of a ray of So ornatum. 
X 5,000 
Fig. 28. Tip of a ray of S. nitidifrons. 
X 2,000 
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Figo 29. side view of a ray of So nltidifrona. 
X 2,000 
Figo 30. Side view of a ray of S. nitidifrons. 
X 5*000 
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Fig. 31' T i p of a ray of So spinosm. 
X 2,000 
Figo 32o Side vieif of a ray of So gpinosum. 
X 2,000 
66 
• 
Fig. 33. Tip of a ray of So variegatum (tip slightly defoxmed by 
the "besm of the microscope). 
X 2,000 
Fig. 3'*'« A nmher of rays of So variegatiSB in side view. 
X 210 
67 
Side view of a ray of So variegatum. 
X 5,000 
Figo 36, Side view of a portion of a ray of S. variegatum showing 
the spacing of the microtrichia. 
X 20,000 
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37. Sip of a ray of S. monticola. 
X 2,200 
Fig. 38. Side view of a ray of S. monticola. 
X 2,200 
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39» Side view of a ray of S o aontlcola. 
X 5,500 
F i g o too Tip of a ray of S o reptans» 
X 2,080 

F i g . Side view of a ray of S o reptans. 
X 5,200 
F i g . 1*2. Sip of a ray of S o tuberosvm. 
X 1,980 
71 
F i g . kZ' Side view of a ray of S o tuberosum. 
X 1,950 
F i g . hh. Side view of a ray of S. tuberos\an. 
X 4,900 
72 
k'yo Tip of a ray of S o eguinusn. 
X 5, too 
F i g . '*6o Side view of a ray of S o e<s.ulaum. 
X 5,500 
73 
P i g o li-7« Tip of a ray of S. salopiense. 
X 2,200 
F i g . k6o Side view of a ray of S. salopiense. 
X 2,200 
74 
F i g . 49. Side view of a ray of S. salopienee. 
X 5,500 
F l g o 50, Tip of a ray of S. erythrocephalum. 
X 2,200 
75 
P i g o 51• Side view of a ray of S. erythrocephalum. 
X 5,500 
F i g . 52. Side view of a ray of S, erythrocephal\aa. 
X 11,000 
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F i g . 53» Tip of a ray of S. argyreatvm. 
X 2,200 
F i g o Side view of a ray of S. argyreatum. 
X 5,500 
77 
F i g . 55 • S'ip of a ray of S. subexeisvsa. 
X 5,500 
Figo 56. Side view of a ray of S. subeiitclsum. 
X 5,500 
78 
Figo 57. Side view of a ray of S. subexciBum near the base. 
X 5,500 
F i g . 58° Tip of a ray of S. angustitarse. 
X 5,000 
79 
F i g . 59* Side view of a ray of S. angustitarse. 
X 5,000 
Pigo 60. View of the broken end of a ray of S. angustitarse. 
X 11,000 
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F i g . 61. View of the end of a broken ray of S. angustitarse. 
X 22,000 
Fig . 62. Tip of a ray of S. l a t i p e s . 
X 2,000 
81 
F i g . 63. View of the side of a ray of S. l a t i p e s near the t i p . 
F i g . 6k. Sifie view of a ray of S. l a t i p e s . 
X 5,250 
82 
F i g . 65. Tip of a ray of S. brevicaule ( t i p bent due to the force 
of the electron beam). 
X 2,000 
F i g . 66. Side view of a ray of S. brevicaule. (The serrated edge 
on the microtr i c h i a i s axi a r t i f a c t . ) 
X 5,000 
83 
F i g . 67. Tip of a ray of S. amoricanum. 
X 2,200 
F i g . 68. Sid® view of a ray of S. aaaoricanum. 
X 5,500 
84 
F i g . 69. Tip of a ray of S. eostatum. (The t i p has been bent by 
the electron besan.) 
X 5,000 
F i g . 70. Side view of a ray of S. costatum near i t s base. 
X 5,000 
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F i g . 71. Tip of a ray of S. venustum. 
X 2,000 
F i g . 72. Side view of a ray of S. venuatvaa. 
X 5,000 
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F i g . 73. Tip of a ray of S. rugglesi. 
X 5*000 
Figo Jko Side view of a ray of S. rugglesi. 
X 5,000 
87 
Flgo 75. Tip of a ray of S. longlstylatvM. 
X 1,000 
F i g . 760 Side view of a ray of So loagistylaturn. 
X 2,000 
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Pigo 77° Side view of a ray of S. longistylatum. 
X 5pOOO 
F i g . 78» Four rays of Crozetia croaetense. 
X 2,000 
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F i g . 79. Rays of Crozetia crozetense. 
X 5,000 
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d) The actions of the cephalic fans and mouthparts of f i l t e r - f e e d i n g 
b l a c k - f l y lai-vae. 
The major d i f f i c u l t y i n studying the actions of the cephalic 
fans and mouthparts i s the problem of observing the very rapid action 
of such extronely small structures. While the opening action of the 
cephalic fans can be induced i n preserved larvae by squeezing the thorax 
with forceps (Wood 1 9 ^ 3 t h e mandibles and maxillae do not respond to 
changes i n in t e r n a l body pressure and renain motionless. 
Observation of l i v e larvae i n a small trough of slowly flow-
ing water with the aid of a low powered stereoscopic microscope was 
s i m i l a r l y f r u i t l e s s . While the opening and closing motions of the 
head fans could be seen, the motion of the mandibles and maxillae 
occurred too rapidly for t h e i r coordination with the cephalic fan move-
ments to be obsex^ed. Even when small p a r t i c l e s of cannine were added 
to the water the only c e r t a i n observation was that these p a r t i c l e s were 
trapped by the extended rays of the cephalic fans and then disappeared 
from the rays when the fan was f l i c k e d (rapidly closed and opened). 
This rapid f l i c k i n g action was considered by Pbrtner (1937) 
to be the feeding action. Chance (1970) found that the frequency of 
f l i c k i n g was i r r e g u l a r and did not vary either between l a t e or early 
i n s t a r larvae or between larvae with f u l l or empty guts. The following 
study was perfoimed to obtain cephalic fan f l i c k i n g rates. 
i ) Observations on larvae i n flowing water 
Tifo experiments to study head fan movements i n Simuliua 
omatim were conducted i n the feeding apparatus (see F i g . 86). 
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I n the f i r s t , the larvae were kept at a temperature of 
10.5°C. and the water v e l o c i t y was 31*3 cm./sec. After being estab-
l i s h e d for ten minutes, the number of head fan movements per minute 
for two consecutive minutes was recorded for f i v e larvae. Then enough 
yeast-caxmine mixture was added to the water to give a standard 
concentration of .375 SP* yeast and .0375 SPi. carmine per 6000 ml. of 
water. After ten minutes to allow the larvae to become accustomed to 
the changed conditions, the number of head fan movenents per minute 
for two minutes was recorded for eight larvae. (Several more larvae 
had moved within range of the microscope used to watch the fan move-
ments). The number of fan f l i c k s per minute for larvae i n d i s t i l l e d 
water and i n d i s t i l l e d water with food are given i n Table 13. 
TABLE 13 
Results of experiment showing the rate of head fan f l i c k i n g of S. 
orpatum larvae i n the presence and absence of food at a temperature 
at 10.5°C. and a current v e l o c i t y of 31.3 cm./sec. ' 
F l i c k s i n F l i c k s i n 
Larva Ko. 1st. minute 2nd. minute 
1 
2 
No food 3 
1* 
5 
Tbtal 
Mean of each min. 
Overall mean 19.6 t 8.58 
30 29 
21 7 
21 2k 
5 10 
23 26 
100 n 
20 19.2 
With food 
1 33 31 
2 19 lU 
3 25 33 
1* '*3 h3 
5 20 23 6 30 23 
7 '*3 35 8 21 25 
Total 23^ * 227 
Mean of each min. 29.3 27.5 
Overall mean 28.8 t 8.78 
I t w i l l be observed that the number of beats per minutegis 
quite variable both i n the absence and presence of food. 
A second experiment was conducted where the rate of head fan 
movements was recorded i n both d i s t i l l e d water and i n d i s t i l l e d water 
with the standard yeast-cazmine mixture at v e l o c i t i e s of 31*3 cm./sec, 
3k cm./sec. and 70 cm./sec. The water temperature was ll.O^C. ISie 
r e s u l t s of t h i s experiment are presented i n Ofebles Ik and 15. 
TABLE l i ^ 
Rate of fan f l i c k i n g of S. ornfetum larvae i n d i s t i l l e d water 
at a temperature of 10.5^C. and at three current v e l o c i t i e s 
Velocity Larva No. F l i c k s i n F l i c k s i n 
cm,/sec. 1st. minute 2nd. minute 
31.3 
70 
1 13 11 2 20 i6 
3 9 11 If 11 Ik 
5 19 Ik 
Total 72 Is 
Ave. of each Min. Ik.k 15.2 
Overall Mean lk.8 t 5.016 
1 36 22 
2 Ik 10 
3 3 9 1* 3 2 
5 15 6 
Itotal 71 'k9 
Ave. of each Min. ll*.2 9.8 
Overall Mean 12.0 t 10.0 
1 15 15 2 30 25 
3 Ik 8 
1* 19 26 
5 16 19 
Total Ik 93 
Ave. of each Min. 18.8 18.6 
Overall Mean 18.7 t 6.26 
TABLE 15 
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Rate of fan f l i c k i n g of S. pimatum larvae i n d i s t i l l e d water 
containing yeast and caraine p a r t i c l e s at a water temperatu^ 
of 10.5°C. and at three current v e l o c i t i e s 
Velocity 
cm./sec. 
Larva No. 
31.3 
5k 
1 
2 
3 
k 
5 
Total 
Ave. of each Min. 
Overall Keaa 
F l i c k s i n F l i c k s i n 
1st. minute 2nd. minute 
12 2 
5 7 
3 0 
3 7 
3 6 
"26 22 
5.2 k.k 
k.8 t 3.209 
1 11 13 2 2 3 
3 36 35 
k 22 25 5 11 19 
Total "82 95 
Ave. of each Min. 16.I* 19.0 
Overall Mean 17.7 - 10.87 
1 k3 31 2 16 18 
3 20 11^  
k 1 20 5 25 11 
Total 107 9k 
Ave. of each Min. 21.'^  18.8 
70 
Overall Mean 20.1 t 11.26 
I t w i l l be noted that the standard deviation from the mean 
i n these experiments was quite large. This suggests that there was 
considerable individual variation i n the cephalic fen f l i c k i n g rate. 
Chance's (1970) contention that f l i c k i n g rate i s irregular was borne 
out by these observations. This i r r e g u l a r i t y of f l i c k i n g has led 
Chance (1970) to propose that food p a r t i c l e s are scraped from the 
closed cephalic fans by the mandibles when the fans are closed for 
extended periods of time. 
I f food tran s f e r from the cephalic fans to the mandibles 
occurs as Chance (1970) has proposed there i s then no explanation for 
the f l i c k i n g action. I n the views of Fortner (1937) and Grenier (l9'*-9) 
the f l i c k i n g of the cephalic fan i s the feeding action. Chance (1970) 
observed p a r t i c l e s being moved by the closing part of the f l i c k i n g action 
as did t h i s author (see above). 
I n order to analyse the exact motions of the cephalic fans 
and mouthparts during the f l i c k i n g action, high speed motion pictures 
were taken of S. longistylatum larvae. 
i i ) Methods and materlale for photographic observations 
S. longistylatum larvae (which were chosen because of t h e i r 
large s i z e ) were placed i n a sheet glass trough 6o cm. long, 3 cm. 
wide and 6 cm. deep and closed a t one end. Tap water at lO^C. was 
pumped i n at the closed end of the trough at 50 cm./sec. Larvae were 
kept at lO^'c. i n tap water i n a container provided with bubbling 
compressed a i r u n t i l placed i n the flowing water of the trough with 
f i n e curved forceps. 
Larvae were photographed at 6k frames/sec. with a camera 
equipped with an automatic exposure meter and extension tubes "between 
the lens and camera. Two 0^0 watt floodlights^ each a distance of 
1 metre from the observation trough, were used. Due to the intense 
heat from the lamps, exposures were limited to 10 to 15 seconds mnning 
time. 
H i ) Results of photographic analysis 
Analysis of the films of S. longistylatum larvae a single 
frame a t a time under ten power magnification revealed that the ceph&lic 
fans were found i n three c h a r a c t e r i s t i c positions or states. These were: 
1. Cephalic fans closed and retracted. 
2. Cephalic fans opened or extended f u l l y . 
3. Cephalic fans engaged i n a f l i c k i n g action. 
Calculating from the number of motion picture frames per 
second ( i n t h i s case 6k), it was possible to calculate the time required 
for actions of the cephalic fans and mandibles. The following descript-
ions of mouthpart movements during each of the three c h a r a c t e r i s t i c 
positions are composite observations of a number of larvae. 
1. Cephalic fans f u l l y closed and retracted. 
I n t h i s position the rays of the cephalic fans were brought 
together so that each fan appeared as a single scythe-like "blade". 
This blade was held so that the congregated t i p s of the rays we^e inserted 
into the mouth and the fan st a l k s and the bases of the rays appeared as 
a p a i r of protuberances on the head. The congregated rays or "blades" 
were draira t i g h t l y into the spaces between the labrum said each mandible. 
The mandibles moved along a l i n e of a r t i c u l a t i o n between the fan stalks 
and the hypostomium. The closed and retracted fans lay along these 
l i n e s and j u s t medially to them. 
When the cephalic fans were i n t h i s position larvae were 
either searching for a new position, t h e i r head weaving from side to 
side with the maxillae extended, or were engaged i n passing the mandibles 
over the convex or outer surface of the "blades" of fan rays. S i l k 
spinning was not observed but the extrusion of a small blob of s i l k 
as a hold f a s t for the looping method of l o c ( ^ t i o n MBB noticed. Larvae 
placed t h i s blob of s i l k and then grasped i t xdLth the maxillae and 
released t h e i r hold on the substrate with the anal d i s c . After moving 
the anal d i s c to a new attachment s i t e on the same blob of s i l k , the 
maxillae were withdrawn from the s i l k . This use of the maxillae for 
locomotion may explain Chance's (1970) suggestion that the maxillae 
do not a s s i s t i n f i l t e r i n g or combing food but have a similar function 
i n a l l species including those without head fans. 
The mandibles were, as noted above, occasionally passed to 
and f r o over the convex or outer surface of the congregated rays or 
'•blades" of the cephalic fans. Chance (1970) considers t h i s to be a 
combing action to roaove food p a r t i c l e s from the rays. I t seems unlikely 
that food p a r t i c l e s would c o l l e c t on the smooth convex surface of the 
rays but much more l i k e l y that food p a r t i c l e s w u l d c o l l e c t on the 
microt r i c h i a on concave surfaces of the rays. Brxishing the "blades" 
away from the mouth would move any food p a r t i c l e s away from i t . Any 
other purpose for the to and fro brushing of the convex surface of the 
retracted rays of the cephalic fans was not observed. However, i f 
t h i s action i s a food gathering one, i t goes on at very infrequent 
i n t e r v a l s . 
2. Cephalic fans f u l l y extended. 
I n t h i s position the r a ^ of the primary fans were spread 
out i n an arc at e i t h e r side of the head. Each arc varied trcm approx-
imately one h a l f to three quarters of a complete c i r c l e ; the plane of 
the c i r c l e was roughly perpendicular to the direction of the current 
flow. I n the observation trough such em angle was d i f f i c u l t to deter-
mine exactly due to the e f f e c t of the side w a l l s . 
The mandibles opened and closed ftrequently while the fans 
were held extended. The closing or opening action each required about 
.01^  seconds. When closed, the mandibles met each other medially over 
the mouth; when opened, each mandible was drawn back close to the base 
of the fan s t a l k . The mandibles appeared to always work simultaneously. 
When closed, they appeared to be forcing food into the mouth. During 
t h i s motion the maxillae do not appear to make any dlscemiible movement 
(d e f i n i t i o n of them on the f i l m was not as good as for the mandibles). 
However, the maxillary palps were noted to move quite rapidly i n a 
dorso-ventral d i r e c t i o n . 
3, Cephalic fans engaged I n a f l i c k i n g action. 
Just before the s t a r t of a fan f l i c k i t was noted that both 
mandiblesviere held open i n a position at the base of the cephalic fan 
s t a l k . They were held quite stationary i n t h i s position for several 
seconds, whereas i f the fan was not to be f l i c k e d when a mandible was 
extended, then i t was quickly closed again. 
Cephalic fans were closed singly although the mandibles moved 
together. A single fan was often f l i c k e d several times i n succession 
before the other fan was used. 
A cephalic fan f i r s t began to close with a drawing together 
of the rays. The rays a t each aid 6f the fan closed with the rays 
a t the centre of the fan. When these rays were closed together to the 
extent that the fan appeared as a s o l i d scythe-like "blade" the t i p s 
of the rays were b r o u ^ t towards the mouth. The rays continued to be 
drawn together as the inward motion of t h e i r t i p s began. The rays 
when closed together foxmed a curved trough-like blade due to the 
placement of the bases of the rays around the fan s t a l k . The concave 
surface of t h i s trough contained the i n t e r i o r edge of the rays upon 
which are found the microtrichia. About 0.0^ of a second a f t e r closing 
of the fan rays begeua the rays had completely closed into troughs and 
t h e i r t i p s had reached the mouth. The fans remained i n t h i s position 
i n which only the t i p s of the fan rays touched the mouth u n t i l about 
0.13 seconds a f t e r closing started. During t h i s period the maxillae 
were held close to the hypostomium and ventral to the mouth so that the 
t i p s of the rays passed dorsally to then. 
At about 0.11 seconds a f t e r closing started the mandible 
began to move from i t s o r i g i n a l position at the base of the fan s t a l k . 
I t t r a v e l l e d i n a ventral and medial direction along the l i n e of the 
inside of the trough formed by the closed rays of the cephalic fen. 
The cover b r i s t l e s of the mandible appeared to brush tbs inside of t h i s 
trough. tSiis movement of the mandible was very rapid; i t took only 
0.03 seconds. Just before the mandible closed, the t i p of the fan 
"blade" began to move away from the mouth. The mandible began to close 
about 0.02 seconds before the t i p of the fan blade began to move away 
from the mouth. 
The opening of the cephalic fan required a much shorter 
time then the closing action. (The opening action i s performed by the 
i n t e r n a l body pressure of the l a s v a and i s no doubt aided by the water 
c u r r e n t s ) . The closing action of the cephalic fan required 0,05 seconds 
while the opening action took etoout O.O3 seconds. The entire f l i c k i n g 
action l a s t e d about 0.15 sec. After the fan had opened f u l l y the mandibles 
were noticed to open and close rapidly several times as i f forcing food 
p a r t i c l e s into the mouth. 
The cephalic fan was never f u l l y retracted i n t h i s action; 
the t i p s only of the rays were brought down to touch the mouth. This 
holding of the rays i n an elevated way allowed the cover b r i s t l e s on 
the mandible to reach the concave side of the "blade" of rays and scrape 
them once i n a closing movement. 
i v ) Discussion of photographic analysis 
described coordinated action of the cephalic fans and 
mandibles suggests very strongly that f l i c k i n g i s indeed the food-
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gathering action. Chance's (1970) proposal that retracted fans are 
cleaned on t h e i r convex surfaces by the mandibles would appear now to 
be i n c o r r e c t . The cleaning of the concave surfaces of the fan rays with 
t h e i r large numbers of microtrichia by a single raouthwaard sweep of a 
mandible seems a much more l o g i c a l feeding action. The microtrichia 
of the rays of most species are very closely spaced (as we have seen) 
Bad c e r t a i n l y are capable of retaining p a r t i c l e s as small as bacteria 
(Rpedeen 1960,1961^). 
The variations i n the patterns of microtrichia were discussed 
e a r l i e r i n t h i s section of the t h e s i s . I t was suggested there that 
the various patterns of microtrichia on cephalic fan rays of different 
species might have ecological significance. 
I f one p a r t i c u l a r pattera was more effective at retaining 
p a r t i c l e s as the cephalic fan closed than another pattern, then the 
species with the f i r s t pattern would be at an advantage and would 
eventually supplant the other species. While we have species of black-
f l i e s whose larvae axe widely distributed we also find many species 
whose larvae have more r e s t r i c t e d habitats. Black-fly workers have 
long known that p a r t i c u l a r types of stream are suitable for a p a r t i c -
u l a r species. 
I f these pattems of microtrichia have any effect on 
detezmlnjng the habitat of larvae i t i ^ c e r t a i n l y through t h e i r action 
on food-gathering. 
The very stsrong rays and microtrichia of the larva of P. 
ferruginem^prompted a study of the contents of the mid-guts of a 
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number of larvae of t h i s species. 
The remainder of t h i s t h e s i s deals with the rate of food-
gathering by larvae of several species. 
k, THE FOOD OF gt^slmulium (Helodon) feyrugineum 
During general c o l l e c t i n g for black f l i e s i n Eastern Norway, 
numbers of larvae of Rroslmullum (Helodon) ferruglneum lifhalb. were 
collected. Purl (1^6) noted that the rays of the cephalic fans of t h i s 
species ifere quite heavy i n structure and had thickened speaur-shaped 
t i p s . This c h a r a c t e r i s t i c was most noticeable i n scanning electron 
micrographs. 
a) Methods and mlaterials 
I n order to determine i f the unusual cephalic fan ray fonn 
was r e f l e c t e d i n the d i e t of P. ferrugineum, a number of larvae from 
various c o l l e c t i n g s i t e s were dissected. The mid-gut of each larva 
was removed, i t s contents gently teased apart and then mounted i n 
Euparal mountant on a standard 3" x 1" microscope s l i d e . Slides were 
examined under a compound microscope. 
The animal contents of each gut were c l a s s i f i e d as f a r as 
possible into Chironomld larvae, Simuliid larvae, water mites and 
mayflies or stoneflies ( i . e . legged i n s e c t s ) . The c l a s s i f i c a t i o n 
"insect t i s s u e " includes ranains not I d e n t l f i a b l y belonging to the 
other c l a s s i f i c a t i o n s . Fifty-one P. ferruglneum larvae were selected 
fmn s i x samples taken from f i v e locations. Since i t was possible 
that other species of b l a c k - f l y larvae from the same habitats were 
feeding on other in s e c t s , Cnephia spp. l a i ^ a e frm samples number four 
and s i x were examined al s o . 
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b ) Results 
The r e s u l t s , giving the numbers of animals ingested by 
Z' ^erru-gipeuia larvae are given i n Table l6. The mid-gut contents 
of each l a r v a are given i n Appendix I I . 
Sample 1, collected from the Renaa River above Renavangen 
Motel (Map Reference 32VPP2761«.30) was made on the l8 June, I967. Ten 
P. ferruglneum larvae were examined. Of these ten larvae, a l l ten 
contained insect t i s s u e - nine contained midge larvae, two contained 
mites and one contained a b l a c k - f l y l a r v a . 
Sample 2 was collected from the Plena River (Map Reference 
32VPPI77386) near i t s mouth on the 27 June, I967. Of f i v e P. ferrugineum 
laivae examined, a l l f i v e contained midge larvae, four contained 
simulild l a i ^ a e (one Cnephla spp., one Gnus spp., two unidentifiable) 
and two contained may-flies or s t o n e f l i e s . 
Sample 3 was collected from the Plena River (Map Reference 
32VPP263303) near Plenbua, on the 27 June, 19^7• Of ten P. ferrugineum 
laz^ae examined, a l l ten contained insect t i s s u e , s i x contained midge 
larvae, ten contained simuliid larvae and one contained the remains of 
either a mayfly or stonefly. 
Sample k was collected from the same location as Sample 3 but 
on the 3 J u l y , I967. Of ten P. ferrugineum larvae examined, a l l con-
tained insect t i s s u e , seven contained midge larvae, eight contained 
midge larvae, eight contained simuliid larvae and one contained a mite. 
Sample 5 was collected from the Plena River (Map Reference 
32VPP286271) near Flendammen on the I8 July, I967. Of s i x P. ferrugineum 
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TABLE 16 
The number of ferrupAnem larvae examined and 
the number of arthropods found i n t h e i r mid-guts 
Sample 1 2 3 5 6 Totals 
P. feiTugineum 
" examined 10 5 10 10 6 10 51 
Cbironomid 
Larvae 23 11 13 16 2 25 90 
Simuliid 
Larvae 1 15 15 5 3 **3 
Insect 
Tissue 18 9 3 1 ^ 3 10 57 
Mites 2 0 0 1 2 
Ephoneroptera 
or Plecoptera 2 3 2 3 3 3 I6 
larvae examined, four contained insect t i s s u e , two contained mites, 
two contained midge larvae, two contained either mayflies or stone-
f l i e s and three contained simuliid larvae. 
Sample 6 was collected from a tributary of the Plena R. 
c a l l e d Bekkevodbekken at Map Reference 32VPP258309 on the l8 July, 
1!^7. Of ten P. ferrugineum larvae examined, ten contained insect 
t i s s u e , eight contained midge larvae, three contained simuliid larvae 
and one contained a mite. 
None of the Ingested b l a c k - f l y larvae were of the species 
P. ferrugineum. The Intestines of most of the P. ferrugineum larvae 
examined also contained quantities of filamentous algGie. In addition, 
Cnephla spp. larvae from sample k were examined and no insects of any 
sort found. Pive Cnephia spp. larvae from Sample 6 were examined and 
one small piece of otherwise unidentifiable insect c u t i c l e was found. 
Pifty-one P. ferrugineum larvae contained remains of 212 
aquatic animals. This i s an average of k.2 animals per predator. 
c ) Discussion 
A number of other workers have noted the presence of insect 
renains i n the intestines of b l a c k - f l y larvae (Puri, 1925; Badcock, 
19^9; Peterson and Dtivies, I96O; Serra-Tosio, 1967). These workers 
referred to feeding on clilronomid larvae or cannibalising of slmullid 
larvae of the same species. Feeding of one species of simuliid larvae 
on another does not appear to be a common occurrence. In the case of 
P. ferrugineum, predation upon other species of simuliid i s perhaps 
more l i k e l y than cannibalism, as ci t e d for S. venustum (Peterson and 
1 0 
Davies, 19^0), because of the larger s i z e of P. ferrugineum larvae 
i n r e l a t i o n to the other species present i n the stream ( i . e . Cnephia 
spp., Gnus spp.), and the smeQ-ler i n t r a s p e c i f i c s i z e range. I n c o l l e c t -
ions made on l8 June, P. ferrugineum larvae were nearly f u l l grown 
and were thus much larger than the other species i n the stream. In 
view of Serra-Toslo's paper (1967) on predatloh on chlronomid larvae 
by ?. inflatum, i t i s intex-sstiag to note the s i m i l a r i t i e s i n structure 
of the cephalic fan rays of P. inflatum to those of P. ferrugineum. 
5. LABORATORY AHD FIELD EXPERIMENTS ON THE FEEDING OF VARIOUS SPECIES 
OF BLACK-FLY LARVAE 
a) Experiments i n an environment of unknown current velocity 
I ) Introduction 
After deciding to study food Intake by b l a c k - f l y larvae, the 
f i r s t problai was to develop a technique which would allow the deter-
mination of feeding r a t e s . Another problon was to develop apparatus 
i n which the environmental variables affecting larvae could be controlled. 
The f i r s t problon was solved by using powdered carmine as a tr a c e r dye 
i n food consisting of a d i l u t e suspension of yeast c e l l s . 
The second probloa, that of suitable apparatus, was not 
Immediately tackled. A p i l o t apparatus i n which the current speed of 
the water past the larvae was not controlled was used. This simple and 
inexpensive apparatus was used to t e s t the yeast-cannlne technique and 
to gain a q u a l i t a t i v e assessment of l a r v a l feeding. The lessons 
learned from t h i s apparatus Mere of great assistance i n the design and 
operation of the trough apparatus used for the experiments I n section 
(b) of t h i s chapter. 
I I ) Methods and Materials 
The apparatus used consisted of three 3 l/2" x 1 l/k" glass 
tubes fixed upright i n a culture dish (which served as a tonperature 
control bath). Each glass tube was f i t t e d with an a i r hose so that 
the contents could be kept agitated. Dilute mixtures of a yeast-cannlne 
mixture i n the r a t i o 10 to 1 were placed i n the tubes. A t o t a l volume 
of liO ml. was maintained i n each tube. The larvae were f i r s t estab-
lished i n the tubes ^ri.th d i s t i l l e d water only i n the tubes. At the 
s t a r t of the experiment the appropriate amount of a standard yeast-
caimine mixture ( l ©n. yeast and .1 ©n. carmine i n ItOO ml. d i s t i l l e d 
water) was added to each tube to give the three concentrations as 
outlined i n Table 17. This was the procedure i n a l l experiments 
except D where a single yeast-cazmine mixture was used against an a l g a l 
culture of unknown concentration. 
TABLE 17 
Yeast-Carmine Concentrations used for experiments i n glass tubes 
I - 6.9 X 10'^ Bf^./ml. 
I I - 3'*.5 X 10"^ »n./ml. 
I l l - 69.0 X 10"^ 0n./ml. 
Plve larvae were removed from each tube at 5 minute intervEils 
u n t i l 30 minutes had elapsed and then at 10 minute i n t e r v a l s . Each 
experiment was concluded at the end of tone hour. 
The larvae thus collected were dissected and the percentage 
of the mid-gut which contained the food being fed was recorded. The 
values obtained for each of the larvae i n each sample were averaged 
and plotted. 
S. variegatvm larvae were used for a l l experiments except 
Experiment 1, where S. splnosum larvae were used. Experiments h, 5 
1 1 1 
and 6 were conducted with mature S. variee^tum larvae, some of which 
may have been entering the prepux>a stage and therefore not feeding. 
i l l ) Results 
Figure 80 shows the r e s u l t s of feeding each of three concen-
tra t i o n s of the yeast-carmine mixture to S. splnosum larvae over a 
period of 1^5 minutes at 12.5°C. There was considerable i r r e g u l a r i t y 
i n feeding a t the highest l e v e l of food concentration. Such an 
i r r e g u l a r i t y i s probably due to the a n a l l sample of larvae investigated 
at each time i n t e r v a l . 
Figure 8l shows a s i m i l a r experiment carried out using S. 
variegatum larvae and an experimental time of 6o minutes. Comparing 
Experiments l^iand 2, i t would seen that S. variegetum larvae obtain 
more food from a denser concentration of i t . 
The amount of food ingested does not appear to be d i r e c t l y 
related to the concentration of the food, for the amount ingested i n 
a concentration of 69.0 x lO'^ gm./ral. was l e s s than double that 
ingested i n a concentration of 6.9 x lO'^ go./ml., one-tenth that of 
the fonner. 
Figure 82 gives the r e s u l t s of Experiment 3 i n which two 
groups of S. variegatum larvae were fed at 12.5°C. over a period of 
one hour, one on a yeast-caimine suspension at 6.9 x lO"^ gn./ml. and 
the other i n d i s t i l l e d water containing 1 ml. of a culture of the 
alga Chlorogloea f r i t s c h i l Mitra. The concentration of t h i s culture 
was not known. 
1 1 2 
e~ o 69.0 X 10°^ gn./ml. 
o 0 3IV.5 X 10°^ gn./ml. 
X- « 6.9 X 10°^ ©n./ml. 
f i l l e d 
20 
beirmine 
10 15 30 
Time i n minutes 
^^5 
F i g . 80. S. spinosum larvae fed on 3 concentrations of yeast-caxmine 
• mixture at a temperature of 12.5°C. (Each point i s the mean 
for 5 larvae.) 
113 
100 i 
4 
69.0 X 10'^ gn./ml. 
- — a 31^ .5 X 10'^ gn./ml-
^ 6.9 X 10'^ ffn./ml. 
30 
Time i n minutes 
F i g . 81. S. variegatum larvae fed on 3 concentrations of yeast-caimine 
mixture at a temperature of 11-1^°C. 
I I 4 
locu 
o Chlorogloea f r l t s c h l l culture 
« yeast and carmine suspension 
at 6.9 X 10"5 gn./ml. 
'30 'ho 
Time i n minutes 
F i g . 82. S. variegatum larvae fed on two different diets as outlined 
below at a temperature of 12.5 C. 
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The r e s u l t s show that the larvae took i n considerably more 
from the a l g a l culture than from the yeast-cannine suspension. The 
amount of the a l g a l culture i n the guts of the larvae was much more 
d i f f i c u l t to assess than with the yeast-canaine mixture because of 
the lack of a tra c e r colour. This experiment did show, however, that 
both an alga and a yeast were acceptable food for blac k - f l y larvae. 
Experiments k, 5 and 6 studied mature S. variegatum larvae 
at the three concentrations of yeast-carmine suspension previously 
used and at three d i f f e r e n t water temperatures = 8®C., 15°C. and 22°C. 
The r e s u l t s are presented i n Figures 83, 8k and 85. Feeding by the 
larvae used i n these experiments was at a much lower l e v e l than i n 
Experiment 2. This can perhaps be explained by the fact that the 
larvae i n Experiments k, 3 and 6 were nearly a l l i n t h e i r l a s t l a r v a l 
i n s t a r and approaching the pre-pupal stage when feeding i s known to 
cease. 
Feeding a t the lowest concentration was very s l i g h t at 15 
and 22°C. and non-existent a t &°C. At the Intemedlate concentration, 
food gathering appears to have been greater through most of the time 
of the experiment ( u n t i l the l a s t sampling at 30 minutes) at 15°C. 
The values obtained a t 30 minutes i n a l l three experiments at t h i s 
concentration suggest that there i s no difference. Obviously a larger 
sample s i z e would have changed these r e s u l t s . 
At the high concentration of yeast (69.0 x 10*^ gn./ml.) 
more food was taken i n at 22°C. than at 15°C. or 8°C. At the l a s t 
two temperatures feeding took place a t approximately the same ra t e . 
100" 
90-
80-
70-
60' 
f 
i d -
ut 
i l l e d 
i t h 
east 
od . 
armine 
50-
1*0 • 
301 
20-
lOH 
e -0 69.0 X 10*^ gn./ml. 
o_._. 031^.5 X 10'^ g?n./ml. 
X 5< 6.9 X 10"^ gm./ml. 
5 10 15 20 25 30 
Time i n minutes 
F i g . 83. S. variegatum larvae fed on 3 concentrations of yeast-carmine 
mixture at a tanperature of 22 C. 
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SO-
TO-
60-
50-
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f i l l e d 
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and 20i 
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10-1 
ko-\ 
30-
e 0 69.0 X 10'^ ©a./ml. 
B o 3U.5 X 10"^ 6jn./ml. 
>«— ^ 6.9 X 10"^ 0n./ml. 
/ 
/ 
A 
/ 
/ 
N. y m ,._ ^ 
— I r 10 lo" 25 30 15 
Time i n minutes 
F i g . 8k.• S. variegatum larvae fed on 3 concentrations of yeast-caimine 
mixture at a temperature of 8 C. 
l l 
c © 69.0 X 10"^ gm./ml. 
Q s 31^ .5 X 10"^ ga./ml. 
X X 6.9 X 10"^ gn./ml. 
\ 
! 
\ \ 
10 15 20 
Time i n minutes 
F i g . 85. S. varlegatum larvae fed on 3 concentrations of yeast-carmine 
mixture at a temperature of 15°C. 
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i v ) Discussion 
There are several obvious f a i l i n g s x-rith the experiments i n 
t h i s section, most of thm due to the method snployed. The current 
v e l o c i t y past the larvae was not capable of being measured. I t was 
quite l i k e l y that the current v e l o c i t y varied fron one part of each 
chamber to another. The interruption of the a i r floxf to allots the 
ronoval of a group of f i v e larvae fran each chamber every few minutes 
would surely upset the feeding patterns of the larvae. A sample of 
f i v e larvae was r e a l l y i n s u f f i c i e n t when such apparent v a r i a b i l i t y i n 
feeding rate occurred. (The physiological state of the larvae was 
undeteimined). However, a sample of f i v e was taken because t h i s had 
been the maximum number of laiT^ae which could be extracted from each 
chamber i n a period of one minute. 
l^hat positive things were learned from these experiments? 
F i r s t , the rate of intake of a r t i f i c i a l and natural food suspensions 
occurred qvdte rapidly. The rates of ingestion bore some relationship 
to the rate suggested by Nauman (192^) for an unnamed species. No 
comparison could be made with the rates of Sephadex bead ingestion 
given by Chance (197O). 
The rate of ingestion by S. variegatum larvae appears to be 
affected by the concentration of food available (Experiment 2). This 
r e s u l t was not obtained i n Experiment 1 for S. splnosum larvae. I t 
must be considered possible that there i s a variation amongst species 
i n t h e i r feeding behaviour. The lower feeding rate of the l a t e r i n s t a r 
S. variegatum larvae suggests that differences i n feeding rate may be 
present i n larvae of different i n s t a r s . 
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b) Experiments on food Intake by black " f l y larvae i n an environment 
of known current v e l o c i t y 
I ) Introduction 
The studies i n the preceding section suggested that exper-
iments where more of the components of the environment were controlled 
and where large numbers of larvae were used would yi e l d useful r e s u l t s . 
I n view of the work by previous authors (Wu, 1931; Zahar, 19*^ 9; Grenler, 
19*^ 9; E h l l l l p s o n , 1956 and 1957) i t was decided that one of the 
variables which must be capable of precise variation would be current 
speed. Coupled with controlled food density t h i s would enable study 
to be made of the importance of the relationship of current velocity 
and food to b l a c k - f l y larvae. 
I I ) Methods and Materials 
Larvae of four species, S. omatum, S. variegatum, S. monticola 
and S. reptans, were used I n these experJjments. S. omatum larvae were 
collected from a stream near Sherbum H i l l , County Durhem at map r e f -
erence NZ 3331*13. S. variegatum larvae were obtained from the Belah R., 
Westmorland at map reference NX 8214-118. The S. monticola larvae used 
were collected from Swindale Beck, Westmorland at map reference NY 691283, 
The S. reptans larvae were from a stream unnamed on the one inch to 
the mile ordnance survey map, flawing into the River Tees. The c o l l e c t -
ing s i t e on t h i s stream was at map reference NX 850308 near the bridge 
carrying the road to Upper Teesdale. 
Larvae from these s i t e s were collected into Jars 9.5 cm. I n 
diameter and 8.0 cm. deep and about a quarter f u l l of stream water 
contednlng a small amount of grass stens and blades. I t was found 
that these gave the larvae positions to attach to and reducedthe 
tendency for large numbers of larvae to clump into a b a l l . (Such 
an action resulted i n h i ^ l a r v a l mortality). 
After transportation to the laboratory, larvae were kept 
at lO^C. i n a constant temperature rom. An a i r stone connected to 
an aquarium pump provided aeration and motion to the water. The Jars 
were kept f i l l e d with water, tap water being used i n addition to the 
r i v e r water into which the larvae had been collected. The Jars were 
kept under illumination equal to noon on an overcast d u l l day i n 
Durham. The day length was 12 hours. This l i g h t regimen was followed 
for the experiments; only one experiment was conducted i n the dark. 
Lazvae were f i r s t used for experiments on the day following 
c o l l e c t i o n from the f i e l d . Each s e r i e s of expezlments (e.g. Series 
I , I I , I I I e t c.) denotes larvae from one c o l l e c t i o n . They were used 
consecutively for three days only. 
Larvae used i n these experiments were most numerous at the 
v e l o c i t y ranges given i n Table l8. 
TABLE 18 
Location and current habitat of larvae used i n Experiments 
of Series I - V I I 
Species 
3. omatum 
S. variegatum 
S. monticola 
S. reptans 
Map reference 
NZ 333'+13 
NX 82I4.II8 
NX 691283 
NX 850308 
Velocity/range 
cm. / sec. 
1^-62 
62-99 
l*4-108(est.) 
5»*-70 
The food used I n the experiments was a yeast-carolne 
suspension. A stock solution was made up by adding 1.000 gm. ( a i r 
dried weight) common general purpose yeast and .100 ga. powdered 
carmine to hOO ml. d i s t i l l e d water. This mixture was s t i r r e d and 
l e f t at 20°C. for 1 hour when i t was then mixed thoroughly "by s t i r -
r i n g and cooled a t 10°C. 
Pour concentrations of yeast-carmine were used. The one 
used for most experiments was .375 ©n. yeast and .0375 go. canaine 
i n 6,000 l i t r e s of water. This concentration, given the name "N" 
concentration, was obtained by adding 150 ml. of stock suspsnsion 
to 5.850 1. of d i s t i l l e d water i n the apparatus. The other three 
concentrations were .I875 gfa. yeast and .OI875 gn. carmine i n 6.000 
l i t r e s o f water ("l/2N"), .0938 gn. yeast and .OO938 gm. camine i n 
6.000 l i t r e s of water ("IAN"), and .75O ©n. yeast and .0750 gm. 
caimlne i n 6.000 l i t r e s of water ("2N"). 
One experiment was conducted without the addition of caxmine 
as a t r a c e r . Examination of the larvae was made quite d i f f i c u l t by 
the lack of colour but r e s u l t s were obtained. 
The water used i n the trough systen was d i s t i l l e d water 
held a t 10°C. A l l experiments were conducted at t h i s t ^ e r a t u r e . 
The a r t i f i c i a l stream was constructed of transparent, 
colourless p l a s t i c sheet, 3 mm. i n thickness. A header box 10 cm. 
by 10 cm. by 10 cm. led into two flat-bottomed troughs (called trough 
A and trough B) 6O.O cm. long by 3.0 cm. wide by 3*0 cm. deep (see 
Fi g . 86). These troughs and box were held i n a wooden frame which 
allowed the slope of the troughs to be varied. 
The troughs «Q>tied into a s t a i n l e s s s t e e l tank, the water 
flowing o f f t h e i r lower l i p s and f a l l i n g into the tank. This water-
f a l l provided aeration of the water. The water was pumped frcan the 
tank by means of an "H-R Flow-Inducer" Type HRSR (Watson Mar low Ltd.) 
to the header box at the upper end of the troughs. This pump operated 
on the p e r i s t a l t i c p r i n c i p l e by canpressing 2.5 cm. (inside diameter) 
rubber tubing between a curved plate and three rotating r o l l e r s . This 
type of pump i s intended for use with a sp e c i a l polythene pipe which, 
however, has a short working l i f e expectancy. I t was found that red 
rubber tube was more sat i s f a c t o r y from the point of view of working 
l i f e and cost. 
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The following was carried out i n the performance of each 
experiment. Since the t o t a l volume of water c i r c u l a t i n g around the 
systen was 6.0 l i t r e s , a s l i g h t l y a a a l l e r quantity of d i s t i l l e d water 
was placed i n the tank. For an experiment where a weight of yeast 
per l i t r e of .0625 gm. and a weight of .OO625 gm. of caimine per l i t r e 
was used, ^.8^ l i t r e s of d i s t i l l e d water were placed i n the tank 
(addition of I50 ml. of the stock mixture referred to above would 
bring the volume up to 6.00 l i t r e s and the weights of yeast and carmine 
to the figures given above). The pump was then started and the water 
c i r c u l a t e d for several minutes while the current velo c i t y i n the troughs 
was set a t kO cm./sec. by adjusting the slope of the troughs. Current 
v e l o c i t y was measured by means of a glass p i tot tube (Grenler, 19^9)* 
After the current v e l o c i t y had been adjusted, the lower ends of the 
troughs were covered with a piece of fine net from a nylon stocking, 
held I n place with a rubber band. Larvae of the par t i c u l a r species 
being studied were then placed I n each trough by means of fine forceps. 
They were allowed to spin a s i l k thread end eventually to attach thon-
selves to the bottom and side walls of the troughs. Care was taken to 
ensure that the larvae i n each trough of an experiment were as al i k e 
i n s i z e as possible. The nylon mesh prevented larvae from being l o s t 
into the tank. When kO to 50 larvae were established i n the raid-region 
of each trough, the slope of the troughs was adjusted slowly to provide 
the current v e l o c i t y at which the experiment was to be conducted. 
Care was taken not to cause larvae to release themselves due to abrupt 
changes of current v e l o c i t y . Vftien the desired velocity was obtained, 
the apparatus was l e f t for f i v e minutes. Then the nylon mesh screen-
ing at the lower end of the troughs was removed. 
The actual experiment was then begun by adding the approp-
r i a t e amount of stock mixture of yeast and camine by pouring i t slowly 
Into the header box within a period of one minute. Care was taken to 
see that the stock mixture was ^aell dispersed into the d i s t i l l e d water 
i n the s t e e l tank. The experiments were timed from the f i r s t i n t r o -
duction of food into the system. The experimental period was two 
hours for S. ornatum, S. variegatum and S. monticola and one hour for 
S. reptans. At the end of the experimental period the larvae from 
each trough were removed and preserved i n 95^ ethyl alcohol. 
Larvae were examined under a low power stereoscopic dissecting 
microscope. The length of the larv a , the width of i t s frons-clypeus 
or cephalic apotome between the sutures and the percentage of the mid-
gut containing yeast-caxmine suspension was recorded. Thirty larvae 
from, each trough of each experiment were examined. Care was taken to 
examine only larvae which appeared to be i n a healthy, a c t i v e l y feed-
ing condition. The average percentage of the t h i r t y mid-guts f i l l e d 
with the yeast-camine suspension was considered as the r e s u l t for 
each trough. 
i i i ) Results 
Nine experiments, each over a timed period of two hours, 
were done using larvae of S. omatum. The r e s u l t s of these experiments 
are given I n Table 19. 
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TABLE 19 
The r e s u l t s of 9 experiments on food intake by S. omatum 
larvae (Temp. 10°C.) (See Appendix I I I , Table I I I - l for 
values of Student's T between troughs) 
EXperl- Current Food con- Light Average ^ 
ment No. Trough v e l o c i t y centratlon on or of mid-gut 
cm./sec. off f i l l e d for 
30 larvae 
1-7 A 31 N On 1*1.2 
B 31 N On 1*9.2 
1-8 A 5J^  N On 78.0 
B 3h N On 68.5 
1-9 A 70 N On 1*3.5 
B 70 W On 39.8 
A 70 N On 2l*.5 
B 70 N On 28.0 
1-5 A 9k N On 9.0 
B 9k N On 8.3 
1-6 A 112 N On 12.5 
B 112 N On 15.3 
l l - l A 5k N On 81.3 
B 5k N On 71*.9 
I I - 2 A 5k 1/2 N On 51*.1 
B 5k 1/2 N On 53.9 
I I - 3 A 5k N Off 91.0 
B 5k N Off 85.5 
F i g . 87 presents Experiments I - l * , 5, 6, 7, 8 and 9 as a graph 
of mean percentage food Intake at various current v e l o c i t i e s for two 
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hours. Appendix I I I , Table I I I - 2 presents the Student's T values 
and levels of significance between experiments. The highest rate of 
food intake occurred at a velocity of cm./sec. Rate of food intake 
at the higher velocities vas significantly lover. No experiment 
could be conducted at a water velocity higher than 112 cm./sec. because 
larvae would not remain in the troughs in sufficient nimbers above this 
current speed. 
Table 20 presents the data frcm Experiments I I - l and I I - 2 
and shows the Student's T values and levels of significant difference 
between each trough result. A significantly lower mean percentage 
of food vas taken in by laorvae in the experiment where the food concen-
tration was "l/2N" than in the experiment where i t was "N". 
TABLE 20 
The rate of Intake of yeast and carmine by omatum 
larvae at 5^+ cm./sec, 10°C. and 2 food concentrations 
Experiment Food i> T value Significance 
Cone. 
II - I A N 81.3 '^.OOO .01 
II-2A 1/2W 
^^-^ ,^ ^^'^ 3 7203 01 II-2B 1/2N 53.9 i'l'^^S -01 
II»2A 1/2N 5.6319 .01 
II.2B 1/2N 53.9 ^ 
Table 21 presents the data from Experiments I I - l and I I - 3 
with Student's T values and levels of significant difference between 
each trough result. Only In one of the four comparisons ( I I - I B against 
II-3A was there a significeuat difference at the 1^ level. Three of the 
TABLE 21 
The rate of intake of yeast and carmine food by 
omatum larvae under two conditions of Illumination at 
ipftc. and 5^ cm./sec. (Pood "H"J 
(T for l<f> level of significance = 2.5758> 
N.S.a not significant) 
Experiment Light ^ T value Significance 
I I - I A 
II-3A 
On 
Off 
81.3 
91.0 
0.5805 N.S. 
I I - I A 
II - 3 B 
On 
Off 
81.3 
85.5 
o.TOit-T N.S. 
I I - I B 
II-3A 
On 
Off 91.0 3.0225 
.01 
I I - I B 
II - 3 B 
On 
Off 
7'*.9 
85.5 
1.8187 N.S. 
comparisons suggest that there was no significant difference in the rate 
of food intake under lighted conditions and in the total darkness of a 
nozmal night period for the larvae under test. 
Table 22 gives the results of Experiments I I - 1 and 11-k with 
Student's T values and levels of significant difference between each 
trough result. In one comparison there was no significant difference, 
in one there was significance at the Zfb level and in two there was 
significance at the 1^ level. 
TABLE 22 
The intake of yeast and yeast and carmine food by S. 
omatum larvae at cm./sec, and 1 0 ^ 
Experiment Food Type T value Significance 
I I - I A 
II-i».A 
Yeast & camlne 
Yeast only 
81.3 
96.k 3.6793 .01 
I I - I A 
II-J+B 
Yeast & caxmlne 
Yeast only 
81.3 
90.0 1.6686 N.S. 
I I - I B 
i i - t e 
Yeast & caxralne 
Yeast only 
7k.9 
96.k 1^ .3112 .01 
I I - I B 
i i - t o 
Yeast & camine 
Yeast only 
1^.9 
90.0 2.5'^ '*7 .02 
The results suggest that yeast alone was Ingested more rapidly than when 
in combination with carmine. However, a l l rates of intake were quite 
high and the colour provided by the camlne made detection of yeast in 
the mid-guts of the larvae a much easier tGisk. 
Seven experiments, each lasting two hours, were conducted 
using S. variegatum larvae. The results are given in Table 23. A l l 
these experiments were carried out with illumination. 
TABLE 23 
The results of 7 experiments on food intake "by 
S. variep;atvEn larvae (Tanp. lO^C.} (See Appendix I I I , 
Table I I I - 3 for values of Student's T between trdughs 
of the same experiment) 
Experi-
ment No. Trough 
Current Velocity 
cm./sec. 
Pood 
Concentra-
tion 
Ave. <f) of 
mid-gut 
f i l l e d for 
30 larvae 
IV-1 A 5U N 0.2 
B 51* N 0.33 
iV-if A 80 N 1^ 9.2 
B 80 N U8.6 
IV-2 A 108 N ko.o 
B 108 N 39.7 
IV-3 A iko N 21.1*6 
B ll^O N 21.27 
V^l A 80 N 50.73 
B 80 N kS.O 
V-2 A 80 1/2N 33.7 
B 80 1/2N 32.8 
V-3 A 80 2N 78.6 
B 80 2N 82.26 
Fig. 88 i s a graph of Experiments IV -1 , 2, 3 and !»• showing the 
mean percentage food intake at velocities from '^h cm./sec. to iko cm./sec. 
The highest rate of food intake was at 80 cm./sec, although Intake at 
108 cm./sec. was also high. Appendix I I I , Table I I I - 3 presents the 
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Student's T veaues and levels of significance between experiments. 
Table 2^ * shows the results of Experiments V-1, 2 and 3-
A l l these experiments were conducted under the same conditions of 
current velocity and light. They varied only i n the concentration 
of food available. 
TABLE 2k 
The intake of yeast and cainine food by S. variegatum 
current velocity 80 cm./sec.) (T .01 = 2.5758, T.02 = 
2.3263, T .05 = 1.9599) 
Experi-
ment No. 
Food 
Concen-
tration 
Ave. $ of mid-
gut f i l l e d for 
30 larvae 
T value 
Level of 
signiflceuice 
V-IA 
V-2A 
N 
1/2N 
50.73 
33.7 
2.5698 .02 
V-IA 
V-2B 
N 
1/2N 
50.73 
32.8 2.6kkQ 
.01 
V-IB 
V-2A 
N 
1/2N 
1+8.0 
33.7 
2.1327 .05 
V-IB 
V-2B 
N 
l/2N 
kQ.O 
32.8 2.1327 
.05 
V-IA 
V-3A 
N 
2N 
50.73 
78.6 If.1703 
.01 
V-IA 
V-3B 
N 
2N 
50.73 
92.26 
i*.526o .01 
V-IB 
V-3A 
N 
2N 
48.0 
78.6 5.1773 
.01 
V-IB 
V-3B 
N 
2N 
lf8.0 
82.26 
5.51^ 82 .01 
The differences between food intake at the "l/2N" and "N" levels 
are significantly different at the % level of confidence in two 
comparisons, the 2^ level in one comparison and the 1^ level in one 
comparison. The differences between food Intake at the "N" and "2N" 
levels are significantly different at the 1^ level of confidence for 
a l l eoraparlsons. 
The results of six experiments done with S. monticola 
larvae are given in Table 25* A l l these experiments were at the same 
food concentration (N) end under the same illumination (light on). 
TABLE 25 
The results of 6 experiments on food intake on S. monticola 
Experi-
ment No. Trough 
Current Velocity 
cm./sec. 
Ave. ^ of mid-
gut f i l l e d for 
30 larvae 
VI -6 A 31 U8.1 
B 31 35.9 
V I - l A 5iv 36.6 
B 3h 37.5 
VI -2 A 70 57.7 
B 70 56.0 
VI -3 A 9^ 37.6 
B 9h h2.Q 
TL-h A 108 
B 108 35.6 
v i - 5 A ll^O 21.1 
B Iko 15.5 
Appendix I I I gives the Student's T values and levels of confidence 
between troughs of each experiment (Table I I I - 4 ) and between experi-
ments (Table I I I - 5 ) . 
Figure 89 presents the results of ^ Kible 23 as a graph. There 
i s no significant difference between the results of troughs A and B 
of Experiment VI - 6 . There i s a significant difference at the 1^ level 
of confidence between Experiments VI-1 and VI - 2 . 
Due to a lack of available laivae, experiments were not 
done on the reactions of S. monticola larvae to various food concen-
trations . 
The results of 9 experiments using S. reptans larvae are 
given in Table 26. These experiments used a timed feeding period 
of only one hour instead of the two hour period given to a l l other 
species and were a l l carried out with illumination as given in the 
Methods. Appendix I I I gives the Student's T values and levels between 
troughs of each experiment (Table I I I - 6 ) and between experiments 
(Table I I I - 7 ) . 
Figure 90 presents graphically the results of experiments 
V I I - 1 , 2, 3f k, 6 and 8. The maximum intake of food during the one 
hour period was at 5U cm./sec. current velocity. Food intake at 
higher and lower velocities was at a much lower level than at 3k cm./sec. 
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TABLE 26 
The results of 9 experiments on food Intake by S.. reptaaa. larvae 
Experi-
ment No. Trough 
Current velocity 
cm./sec. 
Pood con-
centration 
Ave. ^ of mid-
gut f i l l e d for 
30 larvae 
VII - 3 A 31 N 8.87 
B 31 N 10.3 
VII - 1 A 5^ N 66.9 
B 51* N 6k.k 
VII - 2 A 70 N 21.5 
B 70 N 25.8 
VII - 4 A 88.5 N 19.5 
B 88.5 N 11^ .5 
VII - 6 A 108.5 N 15.7 
B 108.5 N 17.67 
VII - 8 A ll+O N 15.0 
B iko N Ik.k 
VII - 9 A 1/2N k2,9 
B 3k I/2N 38.0 
VII -10 A 5k 2W 68.9 
B 5k 2N 55-k 
VII -12 A 51+ l/k^ 10.13 
B 5k l/kTS 10.3 
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Table 27 presents graphically the results of experiments 
VII - 1 , 9, 10 and 12. These experiments are at the same current vel-
ocity but at four food concentrations. These results suggest that 
for S. reptans, the doubling of the food concentration from a low level 
("1/UN") to a higher one ("l/2N") may result in a much greater rate 
of increase than would be expected, (in fact, food intake was quad-
rupled.) This effect was not continued upon further doubling the 
food concentration (to "N"). Only an increase in food Intake of about 
1*^05^  was obtained. Further doubling of the food concentration to "2N" 
resulted in a slight decrease which was not si^aifIcantly different 
from the result at food concentration "N" for three comparisons and 
significantly different at the 5^& level of confidence for one comparison. 
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TABLE 27 
The intake of yeast and carmine food by S. reptaas larvae 
at k food concentrations for a period of one hour. (Taap. 
lO^C. and current velocity 5** cm./sec.} " 
(T.Ol = 2.5758, T.02 = 1.9599, N.S. = not significant) 
Level of 
T value s i g n i f i -
cance 
3.7999 .01 
1^ .71*63 .01 
3.l60l* .01 
1^ .001+2 .01 
O.^klQ N.S. 
2.0751 -05 
0.7060 N.S. 
1.1*778 N.S. 
6.IIU8 .01 
5.9381 .01 
5.1^ 378 .01 
5.298U .01 
Experi-
ment 
Food Concen-
tration 
Ave. io of mid-
gut f i l l e d for 
30 larvae 
VII-lA N 66.9 
VII-9A 1/2N U2.9 
VII-IA N 66.9 
VII-9B 1/2N 38.0 
VII-IB N 6k.k 
VII-9A 1/2N 1*2.9 
VII-IB N 61*.1* 
VII-9B 1/2N 38.0 
VII-IA N 66.9 
VII-lOA 2N 68.9 
VII-IA N 66.9 
VII-lOB 2N 55.1* 
VII-IB N 61*.1* 
VII-lOB 2N 68.9 
VII-IB N 6l*.l* 
VII-lOB 2N 55.1* 
VII-9A 1/2N 1*2.9 
VII-12A l/kTU 10.13 
VII-9A 1/2N 1*2.9 
VII-12B l/l+N 10.3 
VII-9B 1/2N 38.0 
VII-12A I/UN 10.13 
VII-9B 1/2N 38.0 
VII-12B I/I*N 10.3 
1^ z 
iv) Discussion 
I f we compare the food intake curves for the four species 
studied i n these experiments (Figures 87-90), we can see that they 
a l l differ to some extent from one another. ( I t must be ranembered 
that the experiments with S. reptans, Figure 90, only lasted one-half 
as long as for the other species. While this fact should alter the 
height of the curve i t should not alter the shape). There are scane 
similarities, however. The curves for S. omatum and S. reptans both 
peaked at the second lowest test velocity, 5^ cm./sec, and showed a 
decreasing intake of food above this velocity. S. reptans showed a 
very low Intake at the lowest test velocity, 31 oa./sec, while the 
intake for S. omatum at this velocity was higher but s t i l l s i g n i f i -
cantly lower theua the Intake by that species at 5k cm./sec. 
The curves for S. variegatum and S. montlcola both peak at 
higher velocities than those for S. omatum and S. reptans. Also S. 
variegatum and S. monticola larvae show a much greater ability to feed 
effectively at higher velocities than the other two species. 3. 
variegatum sems to be almost Incapable of feeding at 5** cm,/sec. while 
S. monticola feeds at that velocity and at 31 cm./sec. as well but at 
a significantly lesser rate than at 70 cm./sec. 
Phllllpson (1956) found larvae of S. omatum to aggregate 
at velocities of 80 to 90 cm./sec. and to prefer velocities of 50 
to 120 cm./sec. in their natural habitat. Since food concentration 
affects the Intake rate also (see Table lOk), it i s possible that 
S. oraatum larvae, although not at their optimum current speed for 
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efficient feeding, may be eble to get enough food to live due to the 
high concentration i n the water. A similar situation in nature would 
account for his slightly higher aggregation velocities for S. monticola 
and S. variegatvm. 
The velocity at which food intake in the experiments was 
found to be at a maximum for each species lay within the velocity 
range in that species' natural habitat at which i t was most commonly 
found. This suggests that larvae aggregate within a range of current 
velocities at which they can most easily get food. Many authors (Wu, 
193I; Zahar, 191*9; Grenier, 19l*9; Phillipson, 1956 and 1957; Johnson, 
1966) have noted that various species were found to aggregate at certain 
current speeds. The results given here would suggest that those workers 
found larvae which were aggregated at their most efficient velocities 
in terms of food-gathering ability. 
Further, these results suggest that larvae are not capable 
of adjusting their food intake rate by any other means than by moving 
themselves to a region of different velocity. 
The experiment on feeding S. omatum larvae under day and 
night conditions shows that feeding goes on at a slightly faster rate 
at night. Johnson (1966) found that the numbers of black-fly larvae 
colonising habitats at night were greater than the numbers colonising 
the same habitats during the day. I t was suggested that the larvae 
were more active during the night. Perhaps such an increase in Mtivlty 
i s reflected in an increased feeding rate; such an indication was not 
definitely proven in this study. 
Jfl t *i 
The experiments comparing yeast as a food both with and 
without cannine particles as a tracer dye showed that the feeding 
rate of S. omatum larvae was slightly inhibited by the presence of 
cannlne. 
The experiments at different food concentrations with larvae 
of S. variegatum and S. reptans gave sc^ewhat similar results to the 
concentration experiments with S. omatum. A variation in the con-
centration of the food results In a variation in the amount of food 
obtained. This relationship I s not s t r i c t l y linear. With S. variegatum 
larvae the Increase in food taken when the concentration was ''2N" 
rather than "N" was significantly greater by about 30^, while in the 
experiments with S. reptans intake, the decrease at "2N" over that 
at "N" concentration was only s t a t i s t i c a l l y significant in one of the 
fovur cOTiparlsons. At a l l concentrations of food S. reptans was the 
more efficient food collector since the experiments with i t lasted 
only one hour instead of the two hours for those with S. variegatum. 
S. reptans was certainly a more efficient A collector of food particles 
when the concentration was "l/2N". 
The control of variables in experiments such as these i s 
often very d i f f i c u l t . While the current velocity, level of illumin-
ation, water temperature and concentration and quality of the food were 
a l l controlled, there was s t i l l some degree of variation in experimental 
results. Most of this variation must be put down to the range of phys-
iological states in a population of larvae. Unless larvae could be 
obtained which were exactly uniform in a l l respects then we must accept 
such variation. I f reared larvae were used for experiments, we would 
be faced with the problem of whether the rearing conditions were those 
which the larvae would he found i n i n their natural habitat. The 
experiments given here w i l l no douht he useful to those workers who wish 
to rear larvae of the four species studied, since the environmental 
requirements of these species have now been more closely defined. 
c) Field Studies on the Rate of Food Intake by Various Species of 
Simuliid Larvae 
i ) Introduction 
Maciolek and Tunzi (1968) suggested that black-fly larvae 
were very efficient removers of cellular microseston from a small 
mountain stream. The experiments i n the preceeding section have shown 
that larvae could readily ingest an a r t i f i c i a l food suspension fed to 
them i n an a r t i f i c i a l environment. 
Finding that an a r t i f i c i a l food suspension was acceptable 
to larvae i n their natural surroundings, a technique for studying the 
rate of ingestion of naturally occurring particulate matter from the 
stream by lasrvae was developed. This technique relied on the ingestion 
by larvae of a small quantity of coloured a r t i f i c i a l food suspension 
over a b r i e f period of time. This ingested coloured food appeared 
as a visible tracer, eaten at a known time, i n the mid-gut of each larva. 
The amount of natural food eaten i n a given time after the tracer was 
ingested was measured as a percentage of the t o t a l gut contents. 
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11) Methods and Materials 
A mixture of 5-0 fiPi* dried granulated yeast and 0.5 gpi. powd-
ered camlne was placed i n 5.0 l i t r e s of stream water. This mixture 
was agitated thoroughly and allowed to stand for 30 minutes before 
Ijeing used. 
Populations of larvae used In experiments were selected from 
mlwrohabltats of uniform current velocity where there was a concentration 
of at least 150 larvae. Where more than one experiment was conducted 
on a given day In the seme stream, care was taken to prevent tracer 
from a previous experiment from contaminating larvae of a subsequent 
experiment. 
After a suitable site was found, the experiment was begun 
by allowing the coloured food mixture to be run into the stream at a 
point just upstream from the selected group of larvae. The 5*0 l i t r e s 
of mixture was run into the stream i n 2 to 3 minutes. (The faster rate 
occurred In faster currents.) Immediately after the mixture was run 
into the water a collection of 20 to 30 larvae was taken from the treated 
area. This collection was considered to mark time zero i n that exper-
iment. Further collections were made at 10, 20 and 30 minutes after 
the f i r s t collection. A l l collections were made directly into 95^ 
ethyl alcohol. 
Collected larvae were dissected i n the laboratory and the 
position of the band of coloured particles i n the mid-gut was measured 
as a percentage of the t o t a l mid-gut length. Measurement of these 
percentages was accurate to 2ff>. The length of each larva was also 
recorded. 
Six experiments were carried out i n England and sixteen in 
Ontario. Tables 28 and 29 give the species studied, location of 
stream, current speed and water temperature for each experiment. 
TABLE 28 
Data on the experiments conducted i n England 
on food intake i n nature by black-fly larvae. 
Kept. No. Species 
Studied 
Map Reference 
(Britain) 
Current 
Speed 
cm./sec. 
Water Temp. 
Bl S. omatum NZ 333*^ 13 12.0 
B2 S. omatum NZ 333^ *13 hi 3.0 
B3 S. omatum NZ 333IH3 63 8.8 
Bk S. variegatm NY 82UII8 91 7.0 
B5 S. reptans NY 850308 5»^  16.5 
B6 s. reptans NY 850308 5h 13.7 
TABLE 29 
Data on the experiments conducted i n Ontario 
on food lataltQ In natui^ by black^fly larvae. 
Bxpt. No. Species 
Studied 
Stream 
Location 
Current 
Spe«i 
(sn./Bec. 
Water Temp. 
OC. 
Cl 
02 
C3 
ck 
C5 
c6» 
C7» 
C6 
09 
CIO 
C l l 
C12 
C13 
ClU 
C15 
ci6 
C17 
Cl8 
C19 
S. venuatum 
3. venuatum 
S. venustun 
S. ven^atvffii 
S. venusttaa 
S. venustam 
S. venuatum. 
S. venustum 
S. longisty-
atum 
7 ml. H. of 
Fenelon Falls, Ont. 
on Hwy. 121 
Marsh'o Stells 
Oxtongue River 
nr. L. of Bays 
E l l i o t Falls 
Gull River 
nr. Horlead, 
Ontario 
70 
89 
70 
63 
77 
63 
63 
88 
108 
108 
li^O 
kk 
5h 
77 
77 
83 
99 
12.0 
12.0 
13.0 
18.0 
13.0 
15.0 
15.0 
21.0 
l6.5 
16.5 
ai.o 
16.5 
16.0 
16.0 
15.0 
15.0 
16.0 
15.0 
15.0 
•sThese experiments were carried out at night. 
Fig. 91» Site of the f i e l d experiments Bl, B2 ssid B3 on 
So omatum larvae. 
14 9 
Pig. 92. Site of the f i e l d experiment Bl*^  on 3. 
larvae. 
Fig. 93. Sit® of the f i e l d experiments B5 and B6 on S. 
larvaeo 
150 
The sites of experiments Bl - B6 are illustrated i n Figs. 
91-93. 
i i i ) Results of English Experiments 
The results of Experiment Bl are given i n Table 30 and as 
a graph i n Figure 9h. The percent of the mid-gut ^ i c h has f i l l e d 
with natural food at a given time during the experiment is that part 
of the mid-gut between the "Prom" percentage and zero (the start of 
the mid-gut). The figures for each larva are given i n Appendix IV. 
TABLE 30 
Experiment Bl; The intake of food by S. omatum larvae 
at 5^ cm./sec, and 12.0^ C. 
Time i n minutes No. of larvae Ave. ^  position in mid-
examined gut of coloured band 
From To 
Zero 15 0 h 
5 10 8 16 
10 10 12 16 
20 10 52 62 
30 10 6k 9h 
The rate of intake of natural food material by S. omatum 
larvae i n this experiment was very rapid, x^ith an average intake of 
Qki) of the t o t a l gut contents i n 30 minutes. The coloured band of 
yeast and carmine was easily found i n the mid-gut. 
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Fig. 9*^. The intake of yeast and carmine and natural food by S. omatum 
larvae i n nature. (Expt.. Bl) 
Experiment B2, done when the water temperature was 3'0°C., 
achieved very poor results. Most of the larvae (S. omatum) in the 
site selected did not feed on the yeast and camine suspension although 
i t was offered i n the same manner as with Experiment Bl. Table 31 gives 
the results of this experiment. 
TABLE 31 
Experiment B2; The rate of food intake bv S. omatum 
larvae at kk'kH.^ cm./sec, and 3'0'^ ci 
Time i n No. of larvae No. feeding on Ave. ^  position 
minutes examined yeast and carmine i n mid-gut of 
colour 
Zero 10 3 0 
5 10 3 2 
15 10 3 16 
20 33 5 1*2 
30 30 10 U8 
The coloured beuid of yeast and caxmlne i n this experiment was 
in many larvae reduced to a few coloured grains. I t is probable that 
feeding was proceeding at a low rate due to the low water tenperature. 
Experiment B3 (see Table 32 and Figure 95), also conducted 
on S. omatum larvae, gave results indicating a lower rate of intake 
than Experiment Bl. 
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Fig. 95. The intake of yeast and camine and natural food by S. omatum 
larvae i n nature. (Expt. B3) 
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TABLE 32 
Experiment B3: The rate of food intake by S. omatum 
larvae at 62.6 cm./sec, and 8.8°C. 
Time i n minutes No. of larvae Ave. ^  position i n 
examined mid-gut of coloured 
band 
From To 
-Zero 10 0 1 
10 6 Ik 18 
20 5 Ik 16 
30 9 32 1*0 
This experiment was conducted at a higher current speed than 
Experiment Bl, and one which, from the evidence of the trough feeding 
experiments, i s not ideal for this species of larva. A lower intake 
mte would be expected at velocities above 5'*- cm./sec. with S. omatum, 
Also, the density of food matter in the stream may have been less than 
during the f i r s t experiment. 
Experiment Bh, which was done on larvae of S. variegatum, 
yielded inconclusive results (see Table 33). 
s 
TABLE 33 
Experiment Bh: The rate of food intake by §.. variegatum 
lajrvae at 52.6-95.9 cm./sec, and 7.0°C. 
Time i n No. of larvae No. feeding Ave. ^ position 
minutes examined on yeast and in mid-gut of 
carmine colour 
Zero 10 2 0 
10 11 k 6 
20 16 8 20 
30 16 3 22 
Very few larvae ingested the yeast and caimine suspension. 
I t was thought that the dilution of the suspension by the faster current 
and the fact that the location of the experimental site was in deeper 
water than Experiments Bl and B3 may have prevented much of the coloured 
suspension from reaching the larvae on the stream bottom. Perhaps I f 
i t had been possible to use a larger volume of suspension over the same 
period of time, more larvae would have ingested the colour. 
The resvilts from Experiments B5 and B6 using S. reptans larvae 
proved the opposite of the experiment with 3. variegatum. The results 
of these two experiments are given i n Tables 3U and 35 and Figures 96 
and 97. The f u l l data of >eiach of these experiments is given in Appen-
dix IV. The coloured band was quite readily detemined in dissections 
and nearly a l l the larvae collected had ingested some of the yeast and 
carmine suspension. 
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Fig. 96. The intake of yeast and carmine and natural food by S. reptans 
larvae i n nature. (Espt. B5) 
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The intake of yeast and camine and natural food by S. reptans 
larvae i n nature. (Expt. B6) 
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Table 3*^  
Experiment B5: The rate of food Intake "by S.^reptans 
larvae at em./see, and l6.5°cT 
Time i n minutes No. of larvae Ave. ^  position i n mid-gut 
examined of eoloured "band 
Frm To 
Zero 10 0 28 
10 10 20 36 
20 10 38 
30 10 66 16 
• 
TABLE 35 
Experiment B6: The rate of food intake "by S. reptans 
larvae at 5*^  cm./sec. euad 13.7^0. 
Time i n minutes No. of larvae examined 
Ave. ^  position in mid-gut 
of coloured tand 
Fran To 
Zero 10 0 20 
10 10 28 ho 
20 10 56 68 
30 10 82 92 
Both these experiments show a rapid rate of intake of natural 
food "by S. reptans larvae. The higher rate for Experiment B6, vhich 
was conducted one week after Experiment B5 hut at the same location, 
i s d i f f i c u l t to explain. A small difference i n the concentration of 
natural food particles could make such a difference. 
iv) Results of Ontario Experiments 
The Ontario experiments utilized three conmon speciesj 
S. venustum, a well known pest of man and large mammals, passes the 
larval stage i n small to medium-sized streams while S. pictipes and 
S. longistylatum characteristically spend their larval stage i n the 
rapids and waterfalls of large rivers. These two species cannot he 
taxonomically separated as larvae except when f u l l y mature. Even then, 
separation of many individuals of mixed populations is impossible as 
there i s a gradation of taxonomic characters (D.M. Davies, personal 
communication). These two species have not been separated from one 
another i n these experiments. The results of each experiment are 
presented separately both i n tabular and graphic form. 
TABLE 36 
Experiment CI; The intake of food by medium-sized S. venustum 
larvae at 70 cm./sec, current velocity and 12.0°C. 
Time (min.) No. of larvae Ave. ^ position i n mid-gut 
examined of coloured food 
From To 
0 10 0 16 
10 10 26 36 
20 
30 10 
10 58 66 
86 9^ 
1 n i 
TABLE 37 
Experiment C2: The intake of food "by medium-sized S. venustum 
larvae at 89 cm./sec. current velocity and ] 5 ° c l 
Time (min.) No. of larvae 
examined 
Ave. i> position i n mid-gut 
of coloured food 
Frm To 
0 10 0 20 
10 10 32 Uo 
20 10 58 66 
30 10 78 98 
TABLE 38 
Experiment C3: The intake of food by medium-sized S. venustm 
larvae at 70 cm./sec. current velocity and 13.0°C. 
Time (ain.) No. of larvae 
examined 
Ave. in position in mid-gut 
of coloured food 
From To 
0 10 0 20 
10 10 30 '••O 
20 10 56 66 
3m 10 76 9h 
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Fig. 98. Expt. CI: The intake of food by medium-sized 
S. venustum larvae at 70 cm./sec. current velocity 
and 12.0-C. 
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Expt. C2: The Intake of food by medium=sized S. venustum 
larvae at 89 cm./sec. current velocity and 12.0°C, 
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Fig. 100. Expt.. C3: The intake of food by medium-sized S. venustum 
larvae at 70 cm./sec and 13°C. 
Experiments CI, C2 and C3 were a l l carried out on May 9, I970 
on a population of medium-sized S. venustum larvae. The rate of food 
intake (Figs. 98, 99 and 100, and Tables 36, 37 and 38) is quite rapid 
i n a l l cases. The limited range of velocities at which larvae were 
found i n the stream precluded tests of food intake at lower or higher 
current velocities than those recorded here. 
The larvae i n a l l three of these experiments (Cl, C2 and 
C3) were feeding at a rapid rate, which was similar to the results 
obtained for S. omatum and S. reptans larvae. S. venustum larvae of 
this size range (2 .5 - h mai. i n length) were feeding at a rapid rate. 
Experiments Ck, C5* C6 and C7 were performed on the same 
population of S. venustum larvae but on May 23, 1970. The larvae were 
larger than when studied two weeks previously. The volume and rate of 
flow of the stream were reduced while stream temperature was higher. 
Experiments Ck and C5 were carried out during daylight hours 
while C6 and C7 were performed at night before moonrlse i n order to 
determine whether there was any change i n feeding rate at night. These 
results are presented i n Tables 39-^2 and Figures 101-104. 
TABLE 39 
Experiment 0^ ;^ The intake of food by large S.. 3£gaa§t 
larvae during daylight at 63 cm./sec. 
Time (min.) No. of larvae Ave. ^  position in mid-
examined gut of coloured food 
From To 
0 10 0 12 
10 10 16 2k 
20 10 32 k2 
30 10 52 58 
TABLE ho 
Experiment C5: The intake of food by large venustum larvae 
during daylight at 77 cm./sec. current velocity 
and Iti^C. 
Time (min.) No. of larvae Ave. ^  position i n mid-
examined gut of coloured food 
From To 
0 10 0 12 
10 10 10 20 
20 10 26 36 
30 10 50 56 
TABLE hi 
Experiment c6; The intake of food by large S. venustum larvae 
at night and at 63 cm./sec. current velocity 
ami 15OC. ' 
Time (min.) No. of larvae Ave. ^  position i n mid-gut 
examined of coloured food 
Frcan To 
0 10 0 Ik 
10 10 12 26 
20 10 26 3k 
30 10 k6 56 
TABLE k2 
Experiment C7; The intake of food by large S. yenustum larvae 
ft'fc night and at ^ k cm./see, c u r i ^ t ' v e l o c i t y 
and 15"C. 
Time (rain.) No. of larvae Ave. ^  position i n mid-gut 
examined of coloured food 
From To 
0 10 0 12 
10 10 12 2k 
20 10 26 38 
30 10 38 50 
6 8 
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F i g . 101. Expt. Cht The intake of food by large S. venustum larvae 
during daylight at 63 cm./sec. current velocity and l8°C. 
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F i g . 102. Expt. C5t The intake of food by large S. venustum larvae 
during daylight at 77 cm./sec. current velocity and l 8 C 
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F i g . 103. Expt. C6: The Intake of food by large S. venustum larvae 
at night and at 63 cm./sec. and 15°C. 
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F i g . 10k. Expt. C7: The intake of food by large S. venustum larvae 
at night and at 3k cm./sec. current velocity and 15°C. 
Experiments Ck and C5 showed that larger larvae from the 
same population as experiments C l , C2 and C3 were feeding at a much 
lower r a t e . I t was not determined i f t h i s reduction was due to a 
sparser population of mlcroseston being carried by the stream but i t 
was noted that the volume of flow of the stream was reduced so that 
the stream was approximately one ha l f i t s former width. The a b i l i t y 
of the stream to carry heavier segments of the mlcroseston would have 
been c u r t a i l e d . 
The s l i g h t l y lower rates of intake for Experiments C6 and 
C7 when compared with C^ * and C5 may not be due to n i ^ t conditions 
but rather a r e s u l t of the lower water tenperatures at night. There 
appears to have been no d r a s t i c cessation or other change i n feeding 
rates of the b l a c k - f l y larvae studied at night as opposed to daylight 
conditions. 
Experiments C8 <= C12 were done on a population of S. pictipes 
and S. longistylatum larvae at Marsh's F a l l s i n the Oxtongue River near 
Dorset, Ontario. These larvae were located i n the rapidly moving water 
near the edge of the f a l l s . The r e s u l t s of these experiments are 
given both i n tabular and graphic form. 
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Expt. C8J The Intake of food by S. pictipes and S. long!-
atylatuB larvae from Marsh'b F a i l o at 63 cm./sec. current 
velocity aoifl 21.0**C. 
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F i g . 106. Expt. C9: The intake of food by S. pictipes and S. longi-
stylatum larvae from Marsh's F a l l s at 89 cm./sec. current 
v e l o c i t y and l6.5°C. 
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Fig. 107. Expt. CIO: The intake of food by S. pictlpes and S. longi-
stylatum larvae from Marsh's Falls at 108 cm./sec. current 
velocity and l6.5°C. 
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Fig. 108. Expt. C l l : The intake of food by S. pictipes and S. longi-
stylatum larvae from Marsh's Palls at 109 cm./sec* current 
velocity and 21.0°C. 
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Fig. 109. Expt. C12: The intake of food by S. pictipes and S. longl-
stylatum larvae from Marsh's Falls at ll^O cm./sec. current 
velocity and l6.5°C. 
TABLE 1^ 3 
Experiment C8: The intake of food "by S. pictipes and S. longl-
stvlatum larvae from Marsh's Falls at 63 cm./sec. 
current velocity and 21.0°C. 
Time (min.) No. of larvae 
examined 
Ave. ^ position in mid-gut 
of coloured food 
Fran To 
0 10 0 6 
10 10 8 Ik 
20 10 Ik 20 
30 10 26 32 
TABLE kk 
Experiment C9: The intake of food by S. nictipes and §.. IsSSl-
stvlatum larvae from Marsh's Palls at 89 cm./sec. 
cuirent velocity and l6.5°C. 
Time (min.) No. of larvae 
examined 
Ave. ^ position in mid-gut 
of coloured food 
From Tb 
0 10 0 k 
10 10 2 8 
20 10 6 Ik 
30 10 12 18 
17 
TABLE k^ 
Experiment CIO; The intake of food by S. pictipes and S. lynpi-
current velocity and l6.5°C. 
Time (min.) No. of larvae 
examined 
Ave. ^ position in mid-gut 
of coloured food 
From To 
0 10 0 8 
10 10 8 12 
20 10 Ik 20 
30 10 20 28 
TABLE kS 
Experiment C l l : The intake of food by §. . nictines and g.. lonai-
stvlatum larvae from Marsh's Falls at 109 cm./sec. 
current velocity and 21.0"C. 
Time (min.) No. of larvae examined 
Ave. ^ position in mid-gut 
of coloured food 
From To 
0 10 0 6 
10 10 6 12 
20 10 Ik 18 
30 10 20 26 
18 0 
TABLE kj 
Experiment C12; The intake of food by S. pictipes and S. longi-
stylatim larvae frcan Marsh's Palls at iVo' gnT/sec. 
current velocity and 16.5 C. 
Time (min.) No. of laz^ae Ave. ^ position in mid-gut 
examined of coloured food 
Prcsn To 
0 10 0 k 
10 10 6 8 
20 10 8 11^  
30 10 12 16 
The results of experiments C8 - C12 showed that S. ptctipes 
and S. longistylatum laivae from Marsh's Palls were feeding at different 
rates under different current velocities. Pig. 110 gives the percent 
intake of natural food after thirty minutes at four velocities. Intake 
was low at 89 and l^ t^-O cm./sec, higher at I08 cm./sec. and highest at 
63 cm./sec. There i s some similarity to the experimental results obtained 
with S. monticola in the feeding experiments. 
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Experiment 013: The intake of food by S. pictipes and S. lonRi-
stvlatum larvae from E l l i o t Falls at kk cm./sec. 
current velocity and 20°C. 
Time (min.) No. of larvae Ave. i) position in raid-gut 
examined of colovired food 
From To 
0 10 0 k 
10 10 8 12 
20 10 18 26 
30 10 26 32 
TABLE k9 
Experiment Cl^s The intake of food by nictines and S. lonai-
stvlatum larvae f r m E l l i o t Falls at kh cm./sec. 
current velocity and ^ O.O^C 
Time (min.) Wo. of larvae Ave. ^ position in mid-gut 
examined of coloured food 
From To 
0 10 0 6 
10 10 6 Ik 
20 10 16 22 
30 10 2k 30 
50^ 
188 
distance 
from 
anterior 
end of 
mid-gut 
koA 
30H 
20 
10 
yeast and 
camine 
natural food 
10 20 
Time in seconds 
Fig. 111. Expt. 013: The intake of food by S. pictipes and S. longi. 
stylatum, larvae from E l l i o t Falls at kk cm./sec. current 
velocity and 20=0°C. 
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Fig. 112. Expt. Clk: Bxe intake of food by S. pictipes and S. lon^-
stylatum larvae from E l l i o t Palls at kh cm./sec. current 
velocity and 20.0°C. 
185 
TABLE 50 
jeriment C l 5 t The intake of food by S. nictines and ^ . l o g ^ -
current velocity and 15.0°C. 
Time (min.) No. of larvae 
examined 
Ave. i> position in mid-gut 
of coloured food 
From To 
0 10 0 6 
10 10 8 12 
20 10 26 32 
30 10 32 38 
TABLE 51 
Experiment Cl6: The intake of food by . nictines and S. lontd-
stvlatum larvae from E l l i o t Falls at 77 cm./Bee. 
current velocity and 15.0^0. 
Time (min.) No. of larvae examined 
Ave. ^ position in mid-gut 
of coloured food 
Prom To 
0 10 0 2 
10 10 12 l6 
20 10 16 18 
30 10 20 22 
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Fig. 113. Expt. C15: The intake of food by S. pictipes and S. longl. 
stylatum larvae from E l l i o t Palls at 5k cm./sec. current 
velocity and 15.0°C. 
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Fig. Ilk. Expt. Cl6: The intake of food by S. pictipes and S. longi-
stylatum larvae from E l l i o t Falls at 77 cm./sec. current 
velocity and 15.0°C. 
18 
TABLE 52 
Experiment C17: The intake of food by g.. nictines and ISOB^.-
ctirrent velocity and 20.0"C. 
Time (min.) No. of larvae Ave. i> position in mid-gut examined of coloured food 
Frcan To 
0 10 0 2 
10 10 k 6 
20 10 l l ^ 16 
30 10 18 22 
TABLE 53 
Experiment Cl8: The intake of food by S . pictipes and S. lonsi-
stvlatum larvae from E l l i o t Falls at 83 cm./sec. 
current velocity and 15.0^0. 
Time (min.) No. of larvae Ave. io position in mid-gut examined of coloured food From To 
0 10 0 k 
10 10 16 20 
20 10 26 32 
30 10 38 ^ 
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Fig. 115- Expt. C17: The intake of food by S. pictipes and S. longl-
stylatum larvae from E l l i o t Falls at 77 cm./sec. current 
velocity and 20.0°C. 
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Fig. 116. Expt. CI8: The intake of food by S. pictipes and S. longi. 
stylatum larvae frm E l l i o t Falls at 83 cm./sec. current 
velocity and 15.0°C. 
50 H 
Uo 
distance 
from 
anterior 
end of 
mid-gut 
30-^  
20 
10 H 
19 1 
yeast and 
carmine 
natural food 
Time i n minutes 
Fig. 117. Esjpt. C19: The intake of food by So plctipes and S. longl. 
stylatum larvae from E l l i o t Falls at 98 cm./sec. current 
v e l o c i t y and 15.0°C. 
192 
TABLE 5^ 
acperlment C19; The Intake of food "by plctlpps and S. l o n a l -
atylatum larvae frqn E l l i o t E ^lls at 99 cm./sec. 
current v e l o c i t y and 1 3 . 0 ^ 
Time (mln.) No. of larvae Ave, ^  position i n mid-gut 
examined of coloured food 
From To 
0 10 0 k 
10 10 12 16 
20 10 26 28 
30 10 32 5^-
The experiments on S. plctlpes and S. longlstylatum larvae at 
E l l i o t F alls (Tables k6'3^ and Figs. 111-11?) showed (as did experiments 
C8 - C12 at Marsh's F a l l s ) variations i n the rate of food Intake at 
d i f f e r e n t current v e l o c i t i e s . A pattern of varying intake rates (Fig. 
I l8) s i m i l a r t o that f o r larvae from Marsh's Falls can "be seen. Larvae 
at E l l i o t Falls were l i v i n g i n a h a t l t e t with generally lower current 
v e l o c i t i e s and no microhabltats with current faster than 1 m./sec. were 
found. 
Larvae from Marsh's Palls were least e f f i c i e n t at colle c t i n g 
food at 89 cm./sec. while lai^ae from E l l i o t Falls were most e f f i c i e n t 
at 83 cm./sec. Both populations showed hl£^ rates of Intake at a lower 
and higher v e l o c i t y with a lower Intake rate at an intemedlate velocity. 
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Nauman (192U) mentioned that larvae f i l l e d t h e i r intestines 
i n t h i r t y minutes with the unspecified food he gave than. I t i s per-
haps not surprising t o f i n d that feeding rates f o r several species on 
two continents are not very f a r removed from t h i s observation. Neither 
I s i t surprising t h a t seme intake rates are much lower thein t h i s . 
Changes i n intake rate were observed i n the trough experiments with 
changes i n the concentration of a r t i f i c i a l food. Concentrations of 
microseston must vary widely i n nature and, as Maciolek and Tunzl (19^8) 
have pointed out, b l a c k - f l y larvae are e f f i c i e n t removers of the c e l l u l a r 
portion of i t . I n f i e l d experiments then, the microseston available 
to any of the populations studied here had undoubtedly been reduced by 
larvae f u r t h e r upstream. Carlsson (I962) pointed out that larvae are 
often heavily concentrated i n areas where a r i v e r flows out of a lake. 
Larvae i n such a location would not, therefore, suffer canpetitlon f o r 
food. 
I t would be very d i f f i c u l t t o show d e f i n i t e differences i n 
rates o f ingestion f o r a given species of l a i ^ a encountered i n i t s nat-
u r a l h a b i t a t . Larvae encountered i n a par t i c u l a r location i n a stream 
have presumably attached themselves i n a suitable location. Any popxil-
ation e x i s t i n g i n a microhabitat i n the numbers required i n the experiments 
discussed here would c e r t a i n l y have been i n a location suitable to then. 
These locations were usually areas with a re s t r i c t e d amount of current 
speed v a r i a t i o n . 
1 
One exception was at Marsh's Falls where current velocity 
varied from 63 cm./sec. t o ihO cm./sec. and larvae were present through-
out t h a t current range. S. pictlpes and S. longistylatum larvae are 
normally associated with a w a t e r f a l l habitat and appear to be less 
r e s t r i c t e d i n current preference than other species such as S. venustum 
and S. reptans. I t I s also possible, since S. plctipes and S. lon g l -
stylatum larvae are so d i f f i c u l t t o separate taxonomlcally, that one 
of these species i s prevalent i n the slower water on the l i p of the 
f a l l s and the other i s more common i n the more rapid water. There would 
then be some degree of separation in t o d i f f e r e n t ecological niches. 
I f t h i s i s not the case and both species share the same physical habitat, 
food and predators and parasites, we would be confronted with the 
problem of two species sharing the same niche. 
6. SUMMARIZING DISCUSSION 
The f i e l d studies on streams both i n England and Ontario 
showed tha t b l a c k - f l y larvae were found at a wide range of population 
densities. Carlsson (1962) found large variations i n population dens-
i t i e s from l o c a l i t y t o l o c a l i t y and from sample t o sample i n Scandinavia. 
The densities found i n t h i s study exceeded the highest found by him. 
Densities i n Al l e r t o n Beck, a small moorland stream i n County Durham, 
England, were on the average much higher than those found i n a larger 
Ontario stream. Very low densities were found at both locations, 
however. 
Such a wide v a r i a t i o n i n population densities i n a single 
stream raise the question of whether or not larvae on a particular piece 
of substrate are aware of the presence of other larvae i n close 
proximity to them. 
The laboratory experiments recorded densities of larvae 
as high as Ikl/Bq. cm. After being crowded t o higher densities than 
those a t which they were f i r s t established, larvae generally showed 
l i t t l e i n c l i n a t i o n t o disperse when adjacent unoccupied substrate 
was made available. I t was also found that the majority of larvae 
being crowded together on a li m i t e d area of substrate preferred to 
remain on that substrate rather than abandon i t . Releasing hold of a 
substrate and dropping downstream on the end of a s i l k thread would 
expose a larva t o considerably more buffeting from the current and to 
the danger of being swept int o an unsuitable habitat. The apparent 
reluctance o f larvae t o abandon the cravded substrates used i n the 
laboratory experiments may simply indicate that they were not r e a l l y 
crowded, although these densities were higher than those found during 
the f i e l d studies. 
The larva of Crozetia crozetense has been considered by 
Davles (1965) as p r i m i t i v e I n regard t o the labrum and the cephalic 
fan. The cephalic fan rays of t h i s species have a raking function 
rather than a f i l t e r i n g one and represent an early stage i n the evolution 
of the s l m u l i l d cephalic fan. 
S i m i l a r i t i e s i n the appearance of the microtrlchia of 
primeay fan rays of P. ferrugineum t o those of Crozetia crozetense 
were noted. Rubtzov (1959) and Carlsson (1962) consider P. ferrugineum 
t o be a r e l i c t species. Larvae of t h i s species were found ( i n several 
1 
Norwegian collections) t o be feeding on other stream Insects including 
b l a c k - f l y larvae of other species. Serra-Tosio (1967) has recorded 
P. Inflatum as a predator on chlronomld larvae. S i m i l a r i t i e s can be 
seen between the primary fan rays of t h i s species and P. ferruglneum. 
S. venustum larvae have been noted to be cannibalistic (Peterson and 
Davies, I966); t h i s behaviour may not naturally occur. 'She role of the 
primary cephalic fan i n predatlon has not been observed] the long 
heavy t i p s of the rays of the primary fan of P. ferruglneum larvae may 
play some part i n t h i s mode of feeding. 
Perhaps predation I s an attempt t o obtain an increased amount 
of food. Other species of larvae found i n the seme streams as P. 
ferruglneum apparently had no need to practice predatlon on other 
stream animals. I f P. ferrugineum larvae were not as effective i n 
f i l t e r - f e e d i n g as other species, then t o obtain s u f f i c i e n t food they 
would be required t o change t h e i r feeding habits. Adoption of a 
predatory habit may w e l l have enabled P. ferruglneum larvae t o survive 
i n environments where f i l t e r - f e e d i n g alone would not provide enough 
food. The larva of Crozetla crozetense uses i t s cephalic fans as rakes 
rather than as a f i l t e r - f e e d i n g organ (Davies 1965). ?• ferrugineim 
larvae have been found t o predate on other stream insects, perhaps 
using t h e i r strong spear-pointed cephalic fan rays i n t h i s action. 
The f i l t e r - f e e d i n g species of larvae studied here ( i e . those 
other than Crozetla crozetense and P. ferruglneum and P. inflatum t o 
some extent) have cephalic fan rays with varying patterns of microtrichia. 
1 
Laboratory experiments showed f o r four species of l a i y a that the rate 
of food Intake f o r each species varied with the current speed. Further, 
species were moat e f f i c i e n t at gathering food at current vel o c i t i e s at 
which they were found i n nature. The plotted curves of food Intake 
against current v e l o c i t y were d i f f e r e n t f o r each species, thereby 
suggesting that an environment with a current speed favourable to one 
species f o r food-gathering would not be as favourable to another 
species because of i t s i n a b i l i t y t o extract as much food i n a given 
time. This l a t t e r species would therefore be at a disadvantage i n 
competing with the former species. Phillipson (1957) stated that 
cuarrent speed was important i n determining the d i s t r i b u t i o n of black-
f l y larvae and possibly i s o l a t i n g d i f f e r e n t species i n stresans. I t 
aeons probable that i t i s the a b i l i t y t o gain food from a particular 
current v e l o c i t y range th a t deterolnes the d i s t r i b u t i o n o f a species. 
S. omatum larvae and S. reptans larvae both were e f f i c i e n t 
collectors of a r t i f i c i a l food at 5^  cm./sec. and less e f f i c i e n t at 
higher and lower current v e l o c i t i e s . The primary fan rays of both 
species possess microtrichieJ. patterns with secondary microtrlchia of 
nearly equal length interspersed with primary microtrichia of greater 
length. S. montlcola and S. varlegatum larvae were found to be e f f i c i e n t 
p a r t i c l e collectors at 70 and 8o cm./sec. current velocity respectively. 
These two species both have primary fan rays with secondary microtrichia 
i n an "organ-pipe" varying pattern of increasing length. Apart from 
these variations i n species tested during the studies reported here, i t 
i s d i f f i c u l t t o associate a pa r t i c u l a r m i c r o t r l c h l a l pattern with a 
pa r t i c u l a r current environment. Grenier (19'^ 9) associated the degrees 
of c h l t i n l z a t l o n of the rays of the primary fan with current velocity. 
He stated that species with heavily c h i t l n i z e d rays such as P. h l r t i p e s , 
£. monticola and S. varlegatum were always found i n rapidly moving 
water. Species found i n slowly moving waters and bearing weakly 
c h l t l n l z e d primary fan rays were S. angustitarse, S. equlnum, S. 
saloplense, S. costatum and S. aureum. Species with primary fan rays 
of intermediate c h i t i n l z a t l o n were S. omatum and S. l a t i p e s . They 
were considered t o Inhabit currents of intermediate velocity around 
60 cm./sec. 
On Grenier's (19^9) c l a s s i f i c a t i o n there would seem to be 
an indication that species with "organ-pipe" secondary m i c r o t r i c h i a l 
patterns are found i n faster flowing water. S. monticola and S. varlegatum 
support t h i s idea. Also, species with less v a r i a t i o n i n the lengths of 
t h e i r secondary m l c r o t i l e h l a are found i n slower currents (S. angust-
i t a r s e , S. saloplense and S. costatum). There are numerous exceptions 
to t h i s idea, however. 
I f i t were possible t o detemlne the way i n which the micro-
t r i c h i a on the rays of the primary fan function during fan movements, 
i t might be possible t o explain t h e i r morphology more f u l l y . 
I n the three species i n the species-group of S. omatum, 
(Davies I966) each species has a separate pattern of microtrichia on 
i t s primary fan rays. S. splnosum larvae have the "organ-pipe" pattern 
of secondary microtrichia while S. omatum and S. n l t i d l f r o n s possess 
20 0 
secondary mierotrichia which have l e s s variation i n length. S. n i t l -
d lfronc has & greater number o f secondary mlorotrlchia between each 
primory lalcrotrichium than does S. omatum. Bavies (1966) points out 
that S. n l t l d i f r o n s larvae replace S. omatum lajrvae i n upland and 
M i l sreoG and &I30 I n poorer habitats at a l l altitudes i n western and 
northern B r i t a i n . S. spiaosum Isarvae are sometimes found with S. n i t l -
dlftrons larvae but are much leas canson than the other two ex>ecles. 
These three opaclas ware previously considered aa one species with S. 
n i t l d i f r o n s and S. aplnosua treated as v a r i e t i e s . Whether or not the 
d i f f e r i n g patterns o f microtrlchia on the primary fan rays of these 
three species have an ecological significance, i t I s certain that they 
are characteriatic morphological differences I n three closely related 
species whose larvae would appear t o have d i f f e r e n t ecological require-
ments . 
The actual procesa of food-gathering occurs by f l i c k i n g the 
primary fan t o a p a r t i a l l y closed poeltlpn where i t i s then cleaned 
by the cover b r i s t l e s of tho mandible. This f l i c k of the primary fan 
takes place i n only O.15 seconds and i s repeated very frequently (see 
Tables 11 az^ 12). Sevextitl other authors (Portner, 1937; Grenler, 19'+9) 
have considered f l i c k i n g of the cephalic fans t o be the feeding action. 
The co-ordination of the primary fan with the mandible i n the f l i c k i n g 
action suggests very strongly that there l a a very rapid transfer taking 
place. The rapid action of the mandibles a f t e r a f l i c k of a fan conflms 
that they have collected food p a r t i c l e s and are engaged i n forming them 
i n t o a bolus. 
Chance (1970) stated that food transfer occurred when the 
convex surface of the closed and retracted fan was scraped by the 
external b r i s t l e s of the mandible. The infrequent occurrence of t h i s 
action by larvae and the fact that the convex surface of the rays of 
a primary fan i s 2 u n l i k e l y t o have collected any food are serious 
objections t o t h i s theory of feeding. Furthermore, Chance's theory 
does not give any explanation f o r the f l i c k i n g action. 
The results of the food intake studies of b l a c k - f l y larvae 
i n t h e i r natural habitats showed that a l l species were taking i n food 
vrhen studied. Two night experiments showed that S. venustum larvae 
were s t i l l feeding i n t o t a l darkness thus confirming the dark experi-
ments carried out on S. omatum larvae. 
There was considerable v a r i a t i o n i n the rates of intake by 
d i f f e r e n t species under various conditions. I n one experiment S. ven-
ustum laivae were feeding at a rate which would mean that t h e i r entire 
mid-gut contents would have been changed every 35 minutes. At the other 
extrane, larvae of the S. plctipes-S. longistylatum complex i n two 
experiments would have completely changed t h e i r mid-gut contents i n It-
hours and 10 minutes. This wide variation meant that S. venustum larvae 
under certain conditions were ingesting food more theui seven times as 
r a p i d l y as larvae of the S. pictipes-5. longistylatum complex. 
The range of intake rates found i n single species also showed 
considerable v a r i a t i o n . S. omatum larvae i n three experiments would 
have completely changed t h e i r mid-gut contents i n from 36 t o 9*+ minutes. 
S. reptans larvae i n two experiments would have required 37 and 
minutes. Seven experiments on S. venustum larvae would have given 
figures fran 35 t o 79 minutes. S. pictipes-S. longistylatum larvae, 
feeding at slower rates, would have exchanged t h e i r mid-gut contents 
i n 79 t o 250 minutes. The laboratory experiments showed that food 
intake rate was affected by current v e l o c i t y and food concentration. 
Food concentration w i l l TTC^ t o sane extent be affected d i r e c t l y by current 
v e l o c i t y since heavier water-bome par t i c l e s (especially inorganic 
material) w i l l s e t t l e to the bottom i n slower currents. Microseston 
levels i n a stream w i l l c e r t a i n l y vary over a period of time. (Such 
a v a r i a t i o n may explain why l a t e r experiments on S. venustum lajrvae 
gave lower Intake rates.) 
Chance (1970) stated that larvae feed automatically and at 
times ingest more than they require. The n u t r i t i o n a l requirements 
are not known, but from the experiments here i t appears that larvae 
feed continuously a t a rate detemined by current velocity and food 
concentration. Davies and Syme (I958) found that starved P. fuscum 
and P. mixtum larvae required two weeks to onpty t h e i r digestive t r a c t s . 
I t i s probable t h a t either food u t i l i z a t i o n i s poor or that the great 
majority of the material ingested under natural conditions i s inorganic 
and therefore of no food value t o larvae. 
These studies have shown something of the densities of 
population attained by b l a c k - f l y larvae and t h e i r reactions when crowded 
onto a l i m i t e d space or when offered an increased amount of space. 
Both the rate and i r r e g u l a r i t y of primary fan action and i t s 
detailed co-ordination with the mandibles were studied. Investigation 
was made of the f i n e structure of the rays of the primary fan i n a 
number of species. Also studied was the curious f l i c k i n g action of the 
cephalic fan. 
Discovery of such wide and species-specific variation i n the 
mic r o t r i c h i a on the primary fan rays of 2k species led t o speculation 
t h a t there might be differences i n the rate o f focd Intake by d i f f e r e n t 
species. I t had long been known th a t larvae of certain species were 
r e s t r i c t e d t o habitats i n certain current ranges and i t had occasionally 
been suggested that current preferences were connected with food-gathering. 
Laboratory experiments perfoimed i n t h i s study showed that black-fly 
larvae were not equally e f f i c i e n t food gatherers at a l l the current 
v e l o c i t i e s i n which they would e x i s t . Rather they were most e f f i c i e n t 
at c o l l e c t i n g food from current v e l o c i t i e s which formed t h e i r nornal 
habitat and much less e f f i c i e n t at current ve l o c i t i e s abnoimal to than. 
Field experiments further showed that the rate of Intake of 
natural food may vary quite widely from species t o species and from 
habitat t o habitat. Larvae I n natural habitats were not usually found 
at current v e l o c i t i e s disadvantageous to than and so the influence of 
current v e l o c i t y on rate of food intake was somewhat obscured compared 
t o the laboratory r e s u l t s . Nevertheless, the f i e l d studies on natural 
food Intake showed that larvae fed continuously, often at very high 
rates. 
The casual observer may wonder at the energy expended on such 
minute animals and question the eventual importance of such work when 
viewed against larger questions of t h i s age. These studies have 
attempted t o c l a r i f y the biology of l a r v a l slmuliids i n r e l a t i o n to 
food and l i v i n g space, two Important components of t h e i r environment. 
Black-fly larvae are common and important members of flowing fresh-water 
Invertebrate communities. They are usually equipped with special 
adaptations f o r food-gathezlng which make them unique i n these commun-
i t i e s . 
The simullids are not merely worthy of study Just because of 
t h e i r own importance. They are also of considerable importance to man 
fo r two other reasons. 
Adult faoale b l a c k - f l i e s are important as pests of man and 
animals. One of the chief methods of control of bl a c k - f l i e s i s by the 
use of larvlcldes poured i n t o t h e i r l a r v a l habitats. However, l a r v l -
cides (such as DDT) are now being prohibited due t o concern over 
environmental p o l l u t i o n . Basic research such as that performed here 
may eventually lead t o the development of larvicides which would have 
to be ingested by the larvae before they exhibited any toxic e f f e c t . 
Such larvicides would pose no problem to the environment i f dispersed 
i n t o the stream i n p a r t i c l e sizes only acceptable to bl a c k - f l y larvae. 
The a b i l i t y of b l a c k - f l y larvae t o extract minute organic 
and Inorganic p a r t i c l e s from flowing water brings into focus another 
reason f o r t h i s study. Much of the work done here illuminates the 
Importance o f b l a c k - f l y larvae as part o f the r i v e r ecosystan. Their 
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place i s that of a primary converter of organic debris and vegetable 
matter i n t o animal tissue. They are one of the chief forms of r i v e r 
l i f e , along with caddis and chlronomid larvae, t o feed on particles 
i n suspension. Their Immense numbers i n many riv e r s suggest t h e i r 
Importance t o the ecosystem i n the conversion of microseston. The 
control of water p o l l u t i o n and the desire of man to reta i n unspoiled 
natural environments receives much attention to-day. Perhaps i t would 
be w e l l t o further detemine the importance of such a basic member of 
the aquatic food web as the b l a c k - f l y larva. I t i s possible that 
these Insects, acting as f i l t e r i n g mechenlsns i n streams, may i n fact 
be h e l p f u l t o man i n his attonpts t o combat organic p o l l u t i o n of streams 
and r i v e r s . 
7. CONCLUSIOKS 
The Absolute Densities of Various Populations of Black-Fly Larvae 
1. Larvae were found i n nature at a wide range of l a r v a l densities. 
I n seventy-eight collections from the North Madawaska River i n Ontario 
the density of b l a c k - f l y larvae varied from 19.8/8q. cm. to less than 
O.l/sq. cm. with an average density of l.o/sq. cm. Twenty-five c o l l e c t -
ions from Al l e r t o n Beck, Co, Durham, on March 30, 19^ 7 gave densities 
of larvae from 3l<-.5/8q. cm. t o O.l/sq. cm. with an average of J-k/eq^. cm. 
Twenty-two collections made on January 21, 1968 from Allerton Beck 
showed l a r v a l densities t o vary from 10.6/sq. cm. t o O.l/sq. cm. with 
an average of 2.5/sq. cm. 
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2. Slmullum omatum larvae were crowded i n the laboratory to densities 
of 70 t o Ikl larvae per sq. cm. These densities were higher than found 
i n n a t u r a l l y occurring populations. 
3. S. omatum larvae preferred t o be crowded closely together on an 
attachment s i t e of l i m i t e d area rather than abandon that substrate. 
k. Larvae were reluctant t o disperse t o attachment sites previously 
occi^led by them before crowding. 
5. Larvae were found t o move (by looping) more readily i n an upstream 
d i r e c t i o n than i n a downstream d i r e c t i o n . 
The Means end Mechanism of Food Collection 
1. The m i c r o t r i c h i a l patterns on the rays of the cephalic fans of 25 
species o f b l a c k - f l y larvae were studied using the scanning electron 
microscope. Species-specific variations i n these patterns were demon-
strated . 
2. Pan f l i c k i n g rates were determined f o r S. omatum larvae and found 
t o be i r r e g u l a r but frequent as stated by Portner (1937)' 
3. The actions of the primary fans and mouthparts of S. longistylatum 
larvae were photographed w i t h a cine camera. The f l i c k i n g action of 
the primary fan was seen t o be co-ordinated with the mandible so as to 
provide f o r e f f e c t i v e transfer o f food p a r t i c l e s from the primary fan 
to the mouth. Pan f l i c k i n g has been considered t o be the actual feed-
i n g action. 
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Hhe Food of jProslmullum (Helpdqn) ferrup^neum 
1. Fifty-one larvae of P. ferruglneiBn were found to contain the 
renalna of 212 aquatic arthropods of other species. The larvae of 
Cnephla spp., from some of the same habitats as the larvae of P. 
ferruglneum, contained only one small piece of unidentifiable insect 
tissue. I t i s suggested here that the larvae of P. ferrugineum^ found 
In several rivers of eastern Norway, obtain part of their diet hy 
predating upon other aquatic arthropods. 
Laboratory Experiments on the Ffeedlng of Various Species of Black-Fly 
Larvae 
1. Larvae of S. omatum, S. variegatum, S. monticola and S. reptans 
were fed a r t i f i c i a l food, consisting of a suspension of yeast cells 
and powdered camlne, at various current velocities i n a recirculating 
trough apparatus. Each of these species was found to d i f f e r from the 
others i n i t s rate of food Intake over a range of current velocities. 
2. S. varlegatum and S. montlcola larvae showed similarities i n their 
feeding rates at the higher current speeds. 
3. S. omatim and S. reptans larvae were both more efficient at ^ther-
Ing food at cm./sec. than at higher and lower current velocities. 
k. S. omatum larvae were not found to feed at a significantly greater 
rate i n t o t a l darkness than under illumination. 
5. The presence of carmine particles i n the yeast suspension signif-
icantly reduced the rate of food intake by S. omatum larvae. 
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6. The rate of food intake "by larvae of S. omatum, S. variegatum 
and S. reptans was found to be affected by the concentration of food 
presented to them. 
Field Experiments on the Rate of Food Intake by Various Species of 
Slmullid Larvae 
1. A number of species of black-fly larvae, both In England and Ontario, 
were found to Ingest an a r t i f i c i a l food suspension caaposed of yeast 
and powdered caralne when this was added to the river water Just above 
the larvae studied. 
2. Using the Ingested a r t i f i c i a l food as a timed tracer, the average 
rate of food ingestion for three English species (S. omatum, S. vari-
egatum and S. reptana) and two Canadian species (S. venustum and the 
S. pictlpes-S. longistylatum complex) were determined. A wide range of 
rates of intake occurred, not only between species but between larvae 
of the same species l i v i n g at different current velocities. 
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APPENDICES 
APPENDIX I 
The Pltot-tube velocity gauge 
The pltot tiibe method has been used by several black-fly 
workers and i s a cheap and convenient method of gauging the velocity 
of running water. I t s advantages for the present study were that i t 
i s capable of measuring current velocity i n very close proximity to 
larvae either i n an experimental apparatus or on a stone or piece of 
vegetation In nature. 
The pitot tubes used i n this study were made of glass tubing 
with a 1* ram. inside diameter and 1 mm. wall thickness. The t i p of the 
horizontal arm was reduced to an opening of labout 2 mm. and rounded by 
fire-polishing. Next to the vertical aim of the pitot tube a wooden 
rule marked i n millimetres was fixed so as to provide an easily read 
scale. On the top of the wooden scale was a small glass s p i r i t level, 
as used i n carpenter's levels. This provided a check that the vertical 
am was, i n fact, being held vertical while measurements were being 
taken. 
The formula used for conversion of the difference i n height 
of the water column inside and outside the glass tube to the current 
velocity was V = \/2gh where V i s velocity i n cm./sec, h is the height 
of the water column i n cm., and g i s the force of gravity (980 cm./sec.) 
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I t was not known whether variations i n the bore of tubing 
used or the degree of restriction of the t i p of the horizontal ann would 
affect the readings of a pltot tube gauge. Accordingly, the pitot 
tube described above was ccmpared with tubes constructed from glass 
of several sizes of bores and with both restricted and unrestricted 
t i p s . The following p i t o t tubes were used: 
1. Tubing of U mm. inside diameter with 1 mm. thick wall, t i p reduced 
to 2 mm. inside diameter. 
2. Tubing of U mm. Inside diameter, with 1 ram. thick wall, t i p not 
reduced but fire-polished. 
3. Tubing of 5 ™- inside diameter, with 1 mm. thick wall, t i p reduced 
to 1 zmn. inside diameter. 
k. Tubing of 5 mm. Inside diameter, with 1 mm. thick wall, t i p not 
reduced but fire-polished. 
5. Tubing of 3 mm. inside diameter with a .5 mm. thick wall, t i p not 
reduced but fire-pollshed. 
These five p i t o t tubes were compared i n the trough apparatus 
Illustrated i n Figure 101 at four velocities. The velocities recorded 
by each tube are given i n Table I - l . 
2 
velocity 
TABLE I - l 
Velocity readings given by five different pltot 
tubes at four current velocities 
1 31.3 31.3 31.3 31.3 3'».3 
2 kk hk kk lik Uk 
3 62.6 62.6 62.6 62.6 62.6 
k 76.7 76.7 76.7 76.7 79.2 
The results of these testa suggest that oaall-bore pltot tubes 
may give a s l i ^ t l y higher reading than larger bore tubes but that the 
restricted opening of a t i p does not affect the readings to a diecemlble 
degree. 
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APPENDIX I I 
TABLE I I - l 
The contents of the mid-gut of each P. ferrugl. 
neum larva examined 
Sample P. ferrugi- Chirono- Slmuliid Insect Epheaero-
No. n I larva mid larvae tissue Mites ptera or 
larvae Plecop-
tera 
1 2 1 1 
2 7 2 1 
3 2 3 
1* 2 1 
5 1 
6 2 2 
7 1 
8 1 1 3 1 
9 3 3 
10 3 3 
1 1 1 1 2 
2 1 1 
3 5 1 1 1 
k 3 1 1* 
5 1 3 
1 2 
2 1 2 
3 1 
1* 1 
5 1* 1* 
6 1 1 1 
7 3 1 
8 3 1 2 
9 1 1 1 
10 1 1 
1 2 3 1 1 
2 3 1 2 1 
3 3 1 1 1 
I* 1 2 2 
5 1* 2 
6 2 1 1 . 
7 3 2 2 
8 1 1 1 
9 1 1 10 1 1 
2 1 
TABLE I I - l (CONT'D) 
Sample P. ferrugi- Chlrono- Slmulild Insect Ephemero-
No. neum larva mid larvae tissue Mites ptera or 
No. larvae Plecop-
tera 
1 1 
2 1 1 1 
3 
k 
5 3 
6 1 1 1 
1 5 1 
2 2 1 
3 2 1 
3 1 
5 1 1 1 
6 1 1 1 
7 8 1 
8 1 
9 1 
10 3 1 1 
1 
1 
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TfiBLE I I I - l 
The values of Student's T between troughs A and B 
of the experiments i n Series I and I I ("S for 1^ level 
of significance = 2.575^, T for 5^ level of s i g n i f i -
cance = 1.9599) 
Experi-
ment No. Trough 
Ave. i> of mid-gut 
f i l l e d 
1-7 A 1*1.2 B 1+9-2 
1-8 A 78.0 
B 68.5 
1-9 A 1*3.7 B 39.3 
I-U A 21*.5 
B 28.0 
1-5 A 9.0 B 8.3 
1-6 A 12.5 
B 15-3 
I I - l A 81.3 
B 7!*.9 
I I - 2 A 5'*.1 
B 53-9 
I I - 3 A 91.0 B 85-5 
I I - l * A 96.1* 
B 90.0 
T value 
1.1687 
1.2861* 
.5521* 
O.552I* 
.1*217 
1.2121 
1.0526 
0.021*8 
0.0717 
1.61*78 
22 1 
APPENDIX I I I 
TABLE I I I - 2 
The values of Student's T between experiments i n Series I 
(T for li level of significance = 2.5758, 
for 2$ level of significance = 2-3263 
and for ^  level of significance = 1.95990 
Comparison between 
Experiment No. Experiment No. T value 
I-7A I - 8 A 5.221*3 
I-7A 1-88 3-7593 
I-7B I - 8 A U .1296 
I-7B I-8B 2.6820 
I - 8 A I=9A 5.02U8 
I - 8 A I-9B 5.!*50l 
I-8B I-9A 3.5256 
I - S B I-9B 3.9696 
I-9A I-l^A 3.17*^1 
I-9A I-l+B 2.2562 
I-9B I-l«-A 3.3008 
i-gB 1-kB 3.1085 
I - U A I - 5 A 3.861*1; 
I - l ^ A I-5B 4.1200 
I-l^B I - 5 A 3.6266 
i - t e I-5B 3.801*6 
I-5A I - 6 A 1.1*125 
I-5A I - 6 B 3.2651 
I-5B I - 6 A 1.7895 
I - 5 B I - 6B 3.9112 
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TABLE I I I - 3 
The values of Student's T between troughs A and B of the exper-
iments i n Series IV and V (T for 1^  level of significance 
— = 2.5758 
22 2 
Experi-
ment No. Trough 
Ave. i of mid-gut 
f i l l e d T value 
IV-1 
IV-1* 
IV-2 
IV-3 
V-1 
V-2 
v-3 
A 0.2 
B 0.33 
A 1*9.2 
B 1*8.6 
A 1*0.0 
B 39.7 
A 21.1*6 
B 21.27 
A 50.7 
B 1*8.0 
A 33.7 
B 32.8 
A 78.6 
B 82.3 
0.3302 
0.1507 
0.0362 
0.01*71* 
0.3713 
0.11*83 
0.6831 
APPEHDIX I I I 
TABLE I I I - l * 
The values of Student's T between troughs A and B of experiments 
In series VI 
(T for 1^ level of significance = 2.5758 
T for % level of significance = 1.9599) 
^ f ' ^ i " Trough Ave. ^  of mid-gut T value ment No. f i l l e d 
I.62U3 
0.2056 
0,2Wj 
1.2l6lf 
O.206U 
1.8182 
VI-6 A if8.1 
B 35.9 
VI-1 A 36.6 
B 37.5 
VI-2 A 57.7 
B 56.0 
VI-3 A 37.6 B U2.8 
VI-if A 3lv.5 
B 35.6 
v i - 5 A 21.1 B 15.5 
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TABLE m - 5 
The values of Student's T and the levels of significant 
difference "between experiments In Series VI 
(T for 1^ = 2.5758, T for 2^ = 2.3263, T for 5^ = 1.9599, 
N.S. = not significant.) 
2 2 
Comparison "between 
Experiment No. 
and trough 
Experiment No. 
and trough 
T value Level of signi f i -
cance 
6A lA l.69k7 N.S. 
6A IB 1.5593 N.S. 
6B lA 0.1292 N.S. 
6B IB 0.2901 N.S. 
lA 2A 3.5732 .01 
lA 2B 3.1*569 .01 
IB 2A 3.3700 .01 
IB 2B 3.2U22 .01 
2A 3A 3.3787 .01 
2A 3B 2.5353 .02 
2B 3A 3.2509 .01 
2B 3B 2.36»*7 .02 
3A kA 0.6201 N.S. 
3A hB O.J*211 N.S. 
3B kA 1.6897 N.S. 
3B kB 1.51*57 N.S. 
kA 5A 2.8596 .01 
kA 5B kM% .01 
l^ B 5A 3.2813 .01 
5B 5.0363 .01 
APPEHDIX I I I 
TABLE I I I - 6 
The values of Student's T Taetveen troughs A and B of the 
experiments in Series V I I ~ 
(T for li level of significance = 2.5758, 
T for J f o level of significance = 1-9599) 
" 1 - 3 A 8.9 0.53,7 
VlI - 1 A 66.9 0 U26^  
VII - 2 A 21.5 o 
B 25.8 
VII-l. A 19.5 1.01.93 
VII . 6 A 15.7 0.6H.3 
VII - 8 A 15.0 0 ,C7Q 
VII - 9 A U2.9 1 oi.,, B 38.0 ^ '^3^ 
VII -10 A 68.9 P P2o8 
VII -12 A 10.13 0.07^9 
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TABLE I I I - 7 
The values of Student's T and the levels of significant 
difference between experiments in Series VlT 
(T for 1^ level of significance = 2.5758) 
2 
Comparison between 
ment No. Experiment No. T value 
Level of 
significance 
lA 2A 9.9758 .01 
lA 2B 6.7811 .01 
IB 2A 8.2405 .01 
IB 2B 5.8779 .01 
lA 3A 13.9891* .01 
lA 3B 13.3901 .01 
IB 3A 11.1*292 .01 
IB 3B 10.981*8 .01 
2A 1*A 0.5051 N.S. 
2A kB 1.9977 .05 
2B kA 1.1206 N.S. 
2B kB 2.1237 .05 
lA 9A 3.7999 .01 
lA 9B l*.7l*63 .01 
IB 9A 3.160I* .01 
IB 9B k,06k2 .01 
lA lOA 0.31*18 N.S. 
lA lOB 2.0751 .05 
IB lOA 0.7060 N.S. 
IB lOB 1.1*778 N.S. 
9A 12A 6,llU8 .01 
9A 12B 5.9381 .01 
9B 12A 5.1*378 .01 
9B 12B 5.298I* .01 
22 
APPEIIDIX IV 
TABLE IV-1 
The position of the coloured band of food i n the mld^guts of 
S. omaium larvae examined as part of f i e l d expertaentBl 
Time i n Specimen Length i n i position i n mid-gut of 
mins. Ho. asa. coloured band 
Prom To 
Zero 1 5.5 
2 5 
3 5.5 
k 6 
5 6.5 
6 5 
? 
8 6 
9 5.5 
10 l*.5 
11 5.5 
12 5 « ? l i * 6 
15 6 
5 1 8 
2 7.5 
3 *^ .5 
k 
5 
6 3.5 
7 3 
8 2.5 
9 3 
10 2.5 
10 1 7 
2 5 
3 '^.5 
1» 3 
5 9 
6 6 
7 8 
8 5.5 
9 ^^ .5 
10 6 
0 0 
0 2 
0 0 
0 2 
0 2 
0 0 
0 0 
0 2 
0 8 
0 6 
0 2 
0 U 
0 2 
0 8 
0 k 
2 k 
2 k 
6 10 
8 10 
0 12 
12 22 
10 20 
16 2k 
10 20 
12 2k 
10 12 
ih 16 
18 26 
20 21. 
8 10 
2 10 
8 12 
12 Ik 
11* 20 
10 20 
TABLE IV-1 (Contd.) 
Time i n Specimen Length i n ^ position i n mid-gut of 
rains. No. mm. coloured band 
PKSO TO 
20 1 1*.5 28 1*1* 
2 3.5 58 70 
3 5 ko 1*8 
1* 5 1*6 56 
5 5.5 1*1* 1*8 
6 5 66 70 
7 1* 62 70 
8 1* 68 72 
9 1 * 1*1* 50 
10 3.5 61* 78 
68 71* 
3 80 90 
1* 96 100 
30 1 5 
2 
3 
^ 3.5 90 100 
6 3.5 71* ^ 
7 i 88 100 
8 3.5 98 100 
Q k 88 100 
10 I* 81* 100 
22 8 
2 2 
TABLE IV«2 
She position of the coloured band of food i n -aie aid-guts of 
p^tana laarvae examined as part of fielA experiment B5 
Time i n Specimen Length i n ^ position i n raid-gut of 
mlns. No. mm. coloured band 
Zero 
10 
20 
30 
To 
1 5 0 22 
2 1* 0 50 
3 5 0 18 
1* 5 0 21* 
5 1* 0 22 
6 1*.5 0 18 
7 I* 0 30 
8 I*.5 0 18 
9 1*.5 0 1*8 
10 l*.5 0 20 
1 5 ll* 21* 
2 5 26 1*0 
3 5 18 32 
1* 5 18 30 
5 5 21* 31* 
6 5 20 28 
7 5 20 38 
8 5 30 56 
9 5 10 20 
10 1* 20 1*6 
1 5.5 1*6 60 
2 1*.5 1*0 51* 
3 i*.5 1*1* 56 
U 5 30 1*0 
5 5.5 38 52 
6 5 36 1*8 
7 l*.5 36 1*1* 
8 l*.5 1*0 50 
9 5 30 1*0 
10 5 30 1*0 
1 5.5 1*6 51* 
2 l*.5 51* 62 
3 5 66 76 
I* 5 70 80 
5 5 60 68 
6 5 72 80 
7 5 61* 71* 
8 l*.5 58 72 
9 I*.5 70' 82 
10 l*.5 90 100 
The position of the coloured band of f ^ d In the mid-guts 
oF^. reptans larvae examined aa part of f i e l d experiment B6 
Time i n Specimen Lcaagth In ^ position i n mid-gut of 
aiins. No* ran. coloured band 
Zero 
10 
20 
30 
From To 
1 5 0 16 
2 k.5 0 21. 
3 k.3 0 18 
k k.3 0 18 
5 k.3 0 18 
6 5 0 21. 
7 5 0 12 
8 0 18 
9 5 0 22 
10 1. 0 22 
1 5 28 1.0 
2 5 38 1.8 
3.-- i*.5 26 1.2 
k 1^ .5 2k 30 
5 5 30 ko 
6 5 32 k2 
7 k 28 kQ 
8 22 32 
9 30 ko 
10 5 22 30 
1 61. 81. 
2 k 60 Ik 
3 k 58 72 
k 5 52 62 
5 »f.5 58 68 
6 I*.5 1.8 58 
7 5 56 61. 
8 5 60 72 
9 5 52 60 
10 5 •50 62 
1 5 66 78 
2 5 86 100 
3 »f.5 100 
k «*.5 96 
5 5 72 80 
6 U.5 90 100 
7 !* 9k 100 
1 
8 5 7!. 86 
9 5 78 90 
10 5 80 92 
